Interactive Video as a Teaching Aid by Davies, David
University of South Wales
2064723

INTERACTIVE VIDEO AS A TEACHING AID.
DAVID REX DAVIES.
Thesis submitted to C.N.A.A. in partial fulfilment of the 
requirements for the degree of Master of Philosophy.
Sponsoring Establishment - The Polytechnic of Wales.
Collaborating Establishments - Simpson Communications,
Cowbridge
Central Electricity Generating 
Board, Aberthaw
ACKNOWLEDGEMENTS.
I wish to acknowledge my supervisor Dr B. Collins, of the 
Polytechnic of Wales, and my tutor Dr K. Roach, of Interface 
4, for their patience and advice.
ABSTRACT.
Interactive Video (IV), the combining of video and computers, 
became a technical reality in the early 1980s. The main aim of this study is 
to evaluate the potential for the use of Interactive Video techniques in the 
teaching of Technology based subjects.
The project began in 1983 at the Polytechnic of Wales, Pontypridd. 
The aim was to produce an Interactive Video package capable of teaching the 
students in the Civil Engineering Department to use Surveyor's Levels. No 
previous work on Interactive Video had been carried out at the Polytechnic, 
thus all the hardware and software systems required for the project needed 
to be investigated. Eventually a multi-workstation, video tape system was 
designed, developed and tested at the Polytechnic. Final evaluation took 
place in the author's own college at Neath, W. Glamorgan.
In late 1984 the author had the opportunity to be involved in a 
second project. This was for Safety Procedure training at the Central 
Electricity Generating Board's (CEGB) power station at Aberthaw, S. 
Glamorgan. It involved a detailed study of Safety Procedures, and the 
development of an Interactive Video programme to train a wide range of 
operatives at the power station. The system was videodisc based and produced 
a training programme of approximately five hours duration.
Results from both projects indicated that Interactive Video 
material was capable of teaching a wide range of students. The study that 
follows discusses the theory involved in developing and testing of such an 
Interactive Video programme.
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CHAPTER 1. Learning Theory and its application 
to Interactive Video.
1.0. Interactive Video.
The uses of both video and computer assisted learning (CAL) technologies in 
education and training have grown over the last two decades. However, educators 
and trainers have experienced the shortcomings of each medium as well. Video 
programmes present information in a linear fashion regardless of the learner's 
comprehension or attention, requiring no active participation and providing no 
measure of achievement to the instructor (Passive Delivery). CAL, on the other 
hand, requires activity in responding to questions, and presents information 
appropriate to those answers through branching, often recording student 
progress at the same time (Interactive Delivery). However the computer lacks 
the ability to present the vivid audio and visual information that video can 
recreate so well. In the early 80 $ advances in microprocessor technology 
brought about the integration of these two media, in the form of "Interactive 
Video" (IV). This new technology promised the best features of both 
individualised, participatory CAL and realistic, attractive video.
Many people conceive of IV in terms of its hardware (generally described as 
a microcomputer connected to a video player). However, interactivity is a 
behavioural concept and an instructional style more appropriately defined by 
the outcomes of the technology for the learner and instructor (1).
The development of good educational IV software still lags behind the 
hardware with many of the programs being poorly designed from the educational 
standpoint. At present, no agreed overall learning strategy exists which copes 
adequately with the many instructional designs for the varied applications of 
IV material. Present literature, consisting mainly of case reports of a few 
individual studies, illustrates the absence of an adequate classification 
scheme of tasks and instructional design methods.
The following discussion provides a framework for the development and 
implementation of IV material.
(1)
1.1. Theories of Learning and their Influence on IV.
The development of IV has been based on various theories of learning. This 
section comprises a review of the more widely accepted theories of learning and 
the influence they have upon IV.
Many attempts have been made to define the term 'learning 1 . According to 
Gagne (2), learning is a series of events which determine all human skills, 
appreciation and reasonings in addition to setting human hopes, aspirations, 
attitudes and values. Lovell (3) devised a less general definition of learning 
as a change in behaviour which is more or less permanent in nature and results 
from activity, training or observation. Mussen (A) provided a general 
categorisation of learning theory based on research which comprises an area of 
experimental psychology which derives most of its principles from carefully 
controlled laboratory studies on sub-human animals such as rats. The use of 
such laboratory studies has many critics, principally Stones (5), who, whilst 
recognising that the essential features of human behaviour can be seen in 
animals, warned of the danger of uncritical extrapolation from animal behaviour 
to human learning. 
The Theories of Learning.
Two main approaches to learning theory have emerged:-
(1) Stimulus Response Associationistic Theory.
(2) Field Cognition Theory. 
1.1.1 Stimulus Response Theory.
This theory is closely connected to the type of learning involving 
reflexive behaviours and primitive emotions, such as fear, which can be 
described as instances of classical conditioning. Pavlov, experimenting at 
the beginning of this century, found that when a buzzer sounded at the same 
time that food was shown to a hungry dog, and the process repeated over a 
period of time, the dog would come to salivate at the sound of the buzzer. 
The dog was said to have 'learnt' to do this in a number of trials when the
(2)
food and buzzer had occurred together. Watson, working in 1919, expanded 
Pavlov's study to develop the view that learning was simply a matter of 
establishing conditioned responses, and came to the conclusion that complex 
human actions were chains of conditioned responses. Gagne (6), however, 
strongly contested the concept that most forms of human learning could be 
accounted for by chains of conditioned responses, using as an example the 
absurdity of a child learning to ride a bicycle through a series of 
conditioned and unconditioned stimuli.
B.F. Skinner (7), another S-R associationist stressed the importance of 
reinforcement in learning, this being a particular arrangement of stimulus 
and response conditions that bring about the learning of a new association. 
Thorndike's researches also support the view that a successful response is 
far more helpful to future learning than a failure or incorrect reply, even 
if it is corrected.
Early CAL programs developed out of the use of programmed learning 
techniques. The theory behind these is the theory of conditioning (8). 
According to this view complex learning behaviours are seen as a network of 
stimulus-response associations. These bonds are established by providing 
reinforcement stimuli such as knowledge of results. Skinner proposed that 
the best method for learning the subject matter was to divide the learning 
task into several smaller sub-tasks, and concentrated upon each of these in 
turn. Every time a student shows that he has mastered a particular sub-task 
his learning is reinforced. However if difficulties are encountered, he is 
not allowed to progress until he has mastered the point of difficulty. 
Alternatively it would be possible for some remedial work to be carried out 
by presenting the task in question in a different way, or by breaking it 
down further into a number of smaller steps to give the learner the best 
possible opportunity to progress. 
IV programs designed using this form of 'operant behaviourism' must have
(3)
complete control over the learner's behaviour, seeking to accomplish 
specific learning objectives as quickly and efficiently as possible. The 
program must control the arrangement of content and tasks to encourage the 
required responses from the learner, and also the type of feedback (i.e. 
the information given to the learner following a response) and any other 
reinforcement stimuli, in order to develop more complex learning behaviours 
by building response chains composed of small steps. 
This approach assumes:- 
(i) the subject matter can be broken down into small sections that can be
structured into coherent learning sequences, 
(ii) The learner using the IV program conforms to the behaviourist learning
model and responds to the program in the way expected by the theory. 
Skinner placed great importance on the need for positive reinforcement and 
on material being organised td minimise the possibility of the learner 
responding with the incorrect answer, thus increasing the amount of 
positive reinforcement received by the learner. The aim was to maintain 
motivation during a learning sequence.
These sequences were however 'linear' and each learner received the same 
progression of instructional frames as every other learner, with no 
deviation from the prime path of correct responses being allowed. (See Fig 
1.1)
Fig 1.1 Linear Programming.
Crowder's name is associated with developing an alternative to the linear 
method of programming. 'Branching 1 or 'intrinsic' programming determines 
the next step in one of several paths through the material from the learner 
response to a particular question. (See Fig 1.2 )
Fig 1.2 Intrinsic Programming with three
Alternative answers, two leading to
remedial loops, the third to the next frame.
It was Crowder's belief that a person could learn effectively even from his 
or her mistakes, provided guidance quickly followed with much emphasis 
being placed on the student's covert reorganisation of the subject matter. 
Thus it is important to point out why the learner is correct or incorrect.
The origin of the reinforcement models, as described above, 
originated from studies of animal learning which need to be qualified when 
applied to the human learning situation. For example, it is now recognised 
that feedback should not be regarded solely as reinforcement stimuli, but 
should also include information which will locate error and inform the 
learner how to correct it (9).
The provision of immediate feedback is one of the strengths of any 
computer controlled learning. However, the manner of its action is far from 
clear with information processing, reinforcing and attention directing 
theories all vying to account for its effect in various learning 
situations. Roper (10) demonstrated that information providing feedback was
(5)
more potent than feedback which simply indicated whether a learner's 
response was correct or incorrect. This result also suggested that the 
error locating and error correcting functions of feedback can be separated, 
thus making learning more effective. Tait et al (11) provided evidence 
against merely providing reinforcement. Their results showed that the 
performance of learners given information feedback was significantly 
better than that of those learners given reinforcement feedback.
Other studies by Blair (12) found that some students learned more 
effectively with informational feedback, thus implying that tutorial 
material should not necessarily be in small steps, but should have tasks 
large enough to expose the learner's difficulties and provide suitable 
feedback to enable them to be corrected.
A further study by Anderson (13) revealed the importance of 
control of the learning sequence by forcing a group of students to look 
ahead to correct answers before typing their responses (a cheat 
condition). Their post-test results were significantly worse than all other 
groups, even one that was given no feedback, at all. These results suggest 
that, whilst learners working from textual programmed learning can, or will, 
short-circuit instruction by looking ahead to the correct answer, control 
by the computer can ensure that feedback is not available until after the 
learner responds.
Another theme of research in behaviourally based style of learning 
has been in the area of mastery learning, especially in those subject areas 
which can be arranged in a hierarchical form. Precise decision rules exist, 
which only allow the learner to progress to further sections when mastery 
of materials at the lower levels of the hierarchy has been demonstrated.
Gagne et al (14) reported research which showed the value of such 
decision rules. The investigation was set in mathematics, and one result 
was that the best indicator of performance on the higher level tasks was
(6)
the degree of competence shown by the individual learners at the lower 
level of the task hierarchy. Hartley (15) suggested that computer based 
learning incorporating the above ideas should be efficient in aiding 
learning. 
1.1.2 Field Cognition Theory.
In contrast to S-R Associationistic theory, field cognition advocates 
that all behaviour is purposive or goal directed. Tolman (16) claimed that 
animals, when discovering themselves in certain situations, would try out 
several appropriate behavioral patterns until one of them achieved success, 
e.g a rat would follow several routes through a maze, learning something 
each time and gradually becoming aware of its surroundings. Lewin (17) 
emphasised the importance of the individual and his environment, his 
"behavioural field'. If an experience can cause a learner to reorganise this 
field then the experience is said to have resulted in insight.
Motivation plays a major part in this theory and the way in which 
information is received and fits into the learners' field or environment 
determines how it is used. Field theorists are associated with the Gestalt 
psychologists, whose central ideas were that learning develops through an 
understanding of the whole situation rather than a collection of parts. The 
best known experiments of the Gestalt psychologists were those involving 
animal problem solving. Kohler (18) experimented with chimpanzees by 
suspending bananas in the chimps' cages and leaving poles and boxes nearby 
where they could easily be seen. Chimps used them to reach the bananas, 
whilst animals who had never seen the poles and boxes before could not 
deduce a method of reaching the fruit. Beard (19) suggested that it is 
possible to devise ways to enable the animal to reorganise its knowledge and 
thus solve problems.
The research and theory of the Gestalt school does much to confirm 
the assumption that constructive activity is essential to human thought
(7)
processes. This would support the insistance of Thorndike and Skinner that 
the teacher should try to design the learning situation so that 
constructional responses are required from the learner. Hebb's theory (20) 
implies, that as the learner matures, he constructs on the basis of his 
previous learning experiences. The Gestalt school starts from a premise that 
as a learner discovers, the structure becomes clearer. His learning of any 
material is the product of memory and the nature of the problem. Piaget (21) 
extended the ideas of constructive activity by suggesting that the learner 
does not discover significant relationships in his learning, but makes them. 
This intellectual construction is said to have its origins in sensori-motor 
activity and later co-ordination which becomes imprinted in thought. All 
Piaget's observations about intellectual growth of the child imply a 
construction theory of learning, i.e. the child constructs his ideas and 
concepts of his world, thus confirming the view of making learning as 
constructive as possible. In sum, Skinner (22) begins with learning and 
suggests there is no difference between learning and thinking; on the other 
hand Piaget concentrates upon thinking and judgement and shows that these 
factors make up constructive learning.
Field cognition theorists place emphasis on the control which the 
learner has in developing his own knowledge structure, the role of the 
teacher being to stimulate and monitor the learner's activities, not to 
function solely as an information provider. These discovery learning methods 
allow the learner not only to arrive at an answer, but also to learn about 
the process involved in deducing the answer. Bruner (23) used this principle 
of learning extending beyond the given information to develop the 
hypothesis that learning based on discovery provides rewards for the learner 
in excess of learning itself. A computer controlled package incorporating 
these ideas would guide a learner through the process of 'learning by 
discovery', gradually revealing to him both subject matter and theory as he
(8)
through the program.
Whereas an IV package based on the S-R theory is used to present 
the subject matter and to monitor and control a learner's progress through 
the learning sequence, an IV package based on the ideas discussed above 
would function as a mediator between the learner and a hidden model of a 
real life situation. The learner through the computer interacts with this 
model, and thus develops a feeling for its behaviour under various 
conditions and also the rules that govern it.
IV simulation programs attempt to realise this aim by allowing the 
learner to test hypothesis against this model (24). Typically, the learner 
is allowed to experiment by varying parameters, and the consequences of the 
variation is shown. Within certain predetermined limits there are few 
restrictions placed upon the learner who is required to evaluate this output 
to guide further decision making.
Such packages are best used by those learners who have enough 
background knowledge to provide them with a framework for exploration.
Some CAL packages achieve this by a simple menu command system. 
This is designed to allow the learner to select and sequence the material. 
The learner can therefore guide the direction and type of instruction, thus 
developing his own experience. The learning objectives of such packages 
cannot be expressed as behaviours formed through basic stimulus-response 
associations, but as complex mental procedures and knowledge structures 
which are constructed and utilised by the learner.
Other studies have concentrated upon how an individual stores, 
organises and retrieves information and how new knowledge is incorporated 
into the existing cognitive structures possessed by the learner.
Research has established the importance of the type of 
representation given to the task and also the type of organisation, 
structuring, and coding activity used. For example, Ausubel (25) suggested
(9)
that the degree of meaningfulness, as opposed to rote learning of new 
subject material, is related to the interaction with the learner's existing 
cognitive structures. He suggested thst learning is helped if the learner's 
existing knowledge can be used to provide an 'ideational' framework for the 
new material and that, prior to the instruction, 'organising' material which 
has a general bearing on the subject nratter is presented to the learner. 
Slatterly and Telfer (26) introduced 'advanced organisers' to groups of 
secondsry school pupils and found the greatest learning gains were achieved 
where the organiser was used with specific reference to its organising 
properties.
There is much evidence of the usefulness for including organisers 
into CAL and therefore IV. The organiser can be given before the computer 
controlled instruction, and can function as a teaching framework for 
interactive programs. Pask (27) has provided evidence that the type of 
organisation of the subject matter interacts w;ith individual differences in 
students. Tillema (28) is in agreement, and argues that the process of 
instruction shculd involve providing learners with a network of knowledge 
that csn be integrated into their existing cognitive structures.
In the learning situation, one important factor is the type of 
feedback given tc the learner. Research has suggested that learners 
presented with a "free" learning situation are not always able to make a 
good self assessment of their own ability and therefore sometirres fail to 
make effective decisions. Pask (29) arrived at such conclusions after 
studies which utilised several different concept learning tasks. He observed 
that a strategy evolved, in which control programs accepted student 
decisions, maintained motivations and produced egually good results. Similar 
results were obtained by Abbatt (30) who studied the teaching and planning 
of statistical investigation for under-graduate .psychology students; his 
findings strengthened the argument for adaptive decision rules to allow his
(10)
students to direct their own learning.
The principles of learning theory that have been outlined in this 
section have direct relevance to the design and writing of IV programs which 
are to be used regularly by learners, and if implemented would increase both 
the efficiency and potential of such material. The major outcome of the 
theories outlined is that of learning by objectives (The Systems Approach). 
This allows the Instructional Designer the opportunity to specify learning 
outcomes, methods of achieving learning, and finally the testing of 
achievement. 
1.2 Classification of IV Tasks.
In the previous section the theoretical principles that influence 
IV were discussed. Firstly there are a number of behavioural objectives that 
must be considered and secondly that the learning task must be applied to 
the nature of the subject matter to be learned.
Bloom's taxonomy classifies these objectives into three domains: 
(i) Affective objectives, emphasizing qualities expressed in attitudes,
interests, values and emotional biases, 
(ii) Cognitive objectives, emphasizing remembering, reasoning, concept
formation and creative thinking.
(iii) Psychomotor objectives, emphasizing muscle and motor skills and 
manipulation.
To this range of behavioural factors there must correspond an 
equally wide range of learning schemes and tasks.
IV literature reflects a lack of such a classification, the 
majority of the literature, at the time of writing, consisting of reports of 
individual studies. The following classification schemes may be useful in 
order to describe the different styles of IV and to relate them to the 
general framework of educational psychology.
(11)
1.2.2 Classification One.
In their classification scheme Nuthall and Snook (31) proposed the 
following catagories of teaching procedures:
(1) Behavioural Control Models.
(2) Discovery Learning Models.
(3) Rational Models.
1.2.2.1 Behavioural Control Models.
This type of learning stresses complete control over the learner's 
behaviour and over the conditions under which learning takes place. The 
designer's role is that of a manager who seeks to achieve specific 
learning objectives as efficiently as possible. IV programs can be 
directive in style, and relate directly to the associationistic view of 
learning.
1.2.2.2 Discovery Learning Models.
In contrast to the previous model, discovery learning techniques 
stress the control the learner has in constructing his own knowledge 
structures. IV programs developed for this teaching model are based upon 
the cognitive theories of learning.
1.2.2.3 Rational Models.
The Rational Model emphasizes the importance of dialogue and 
reasoning in learning. Language plays an important part in this process, 
as it acts as an interface between the instructor and the learner as 
each in turn presents, explains and defends their case.
Pask (32) studied learning conversations and found that the 
teacher projects his own argument and interpretation of the subject 
matter being studied. The understanding of a topic is only reached when 
the teacher and the learner agree both on a derivation and explanation.
(12)
The origin of such an approach owes more to philosophy and linguistics 
than to a practical method of learning.
An implementation of this model could prove too complex using IV.
1.2.3 Classification Two.
The following classification scheme was proposed by Kemmis (33) in 
order to describe his different CAL systems and relate them to a broader 






The view presented by this model is that the computer instructs 
the learner. The psychological basis for this classification is the 
theory of condition attributed to B.F. Skinner, 
(b) Revelatory Model^
This category is based on the field cognition theories of learning 
and, as the name implies, guides the learner through a process of 
learning by discovery. 
1.2.3.2 Conjectural Model.
In this classification the learner is firmly in control of the 
instruction and uses the computer to formulate and test hypothesis. 
Programs of this type adhere to the concept that knowledge can be 
developed through the learner's experiences, and allows time to explore 
the subject matter. Programs such as these can offer sophisticated aids 
for modelling real life situations. Some IV packages in the United
(13)
States, particularly in the medical field, have been based on this 
model. 
1.2.3.3 Emancipatory Model.
This model is concerned with the use of the computer to make work 
easier for the learner. McDonald (34) stated that there are two types of 
labour a learner must undertake in order to achieve learning objectives.
(1) Authentic Labour.
This is a task which makes a direct valuable contribution to a 
particular learning objective, and is also part of it.
(2) Inauthentic. Labour.
A task of this type is not an integral part of a learner 
achieving objectives, but is necessary because it makes learning 
possible. An example is a student carrying out a scientific 
experiment, who needs to perform some calculations. The main purpose 
of the experiment is the final result, although it may be useful for 
the learner to practice numeric calculations. In general this model 
is sometimes difficult to recognise as it usually appears in 
conjunction with others.
1.2.4 Each of the classifications discussed outlines the way in which the 
learning task is influenced by the feature of the computer in the system. 
The methods described correspond directly to one another. For example, both 
the behavioural and instructional models relate to the use of the computer 
as a 'tireless tutor', while the discovery learning and revelatory models 
describe the use of the computer system to control the simulation of a real 
event in which the learner can take control.
It is clear that, whatever model is taken, the computer adds a 
dynamic aspect to the learning which is difficult to achieve with 
traditional media. This also leads to a more learner centred approach in the 
preparation and delivery of the material.
(14)
1.3 IV Learning Strategies.
The previous sections give rise to three main categories of
strategies for learning. These are:
(i) Passive Learning - as in a lecture, one way communication from teacher
to learner.
(ii) Active Learning - as in the laboratory or an audio-tutorial approach. 
One way communication, but with the learner able to make an active 
contribution, answering written guestions, performing exercises. The 
learner then checks against a model answer given in the text or AV 
programme.
(iii) Interactive learning - as in a tutorial, programmed learning, or CAL 
The learner takes an active role, answering questions and making 
choices, or arguing with a tutor. The route through the learning 
sequence, or tutorial is dependent on the learner's responses and 
performance.
All current research indicates that the effectiveness of learning increases
significantly as the amount of Passive Learning decreases and the Active and
Interactive Learning increases.
In IV there is a need to reduce the main category into smaller
categories to produce suitable strategies for a particular learning




This is the strategy adopted in lectures, textbooks, and most films 
and video productions for education. The 'teacher 1 describes and 
explains to the learner without any feedback designed into the system. 
Most instruction must have an element of 'telling'. This is imperative 
to cover the introductory knowledge required to start the new learning. 
The strategy needs skillful application in deciding when to tell, what 
to tell, and how to tell. In itself 'telling' is not an effective 
learning method and needs to be combined with other strategies.
1.3.2 Telling and Testing.
By adding a test of understanding or knowledge immediately after a 
'telling' sequence, a more effective strategy is arrived at. In its 
simplest form the learner is only informed whether the response is 
correct or incorrect. It is left to the learner to decide the source of 
the 'wrongness'.
1.3.3 Telling, testing, and repeating.
In this case a wrong answer starts a repeat of the telling-testing 
process. It forms a loop, and the learner can only escape by presenting 
the correct answer. It is at this stage in development that a flowchart 




In a practical application of this method, there will have to be a 
mechanism at the decision point to prevent the learner looping endlessly 
through the system. It could consist simply of a 'count' which will 
restrict the number of times the learner proceeds through the loop. This 





1.3.4 Telling, Testing and Correcting.
An advance on Telling-testing-repeating is to offer a correcting 
branch in the case of a 'wrong' answer. Under the instance of a wrong 
answer, instead of just repeating the same 'telling ' segment, the 
learner is presented with a different 'telling' segment, thus correcting 
the mistake much more directly.
Yes
A more complex model of this strategem can include a variety of 
different 'tell another way' segments. The test system would also have 
to be more complex in judging a 'best fit' for the correcting sequence 
particular to the error made by the learner.
(17)










As the complexity increases to this level, CAL and IV begin to 
show their strength compared to other 'forms of instruction, excluding 
the face to face tutorial. 
1.3.5 Drill and Practice.
A variation of tell-test-correct-repeat is the drill and practice 
strategy. After 'telling' about a process, the learner is presented with 
a series of exercises giving practice in the use of the process. The 
strategy consists of a series of steps which are assessed and corrected 
as the learner progresses. It is usual to organise the sequence with 
steps of increasing difficulty. The system should be designed to allow 
the learner to come out of the sequence either by choosing to do so, or 
when some set criterion is reached (e.g. getting eight out of ten 





'Drill and practice 1 may seem an unimaginative use of IV (it may 
also seem similar to the system that gave programmed learning and CAL a 
bad name), but it certainly has a place in a learning strategy. Certain 
essential skills can only be acquired by repeated practice, some 
examples being simple arithmetic, reading, learning a new language and 
remembering essential data. When using this strategy the designer will 
have to consider how to make the routines interesting, attractive and 
challenging, so that the learner actively wants to follow through the 
instructional sequence. 
1.3.6 Telling, Testing, and Prompting-Helping.
Instead of insisting on a choice of test answer and correcting 
the forced error, the system can allow the learner to request help, 
either immediately after the 'telling' step, before presentation of the 
'test', or after presentation of the 'test 1 . The learner makes a 
decision about his understanding of the 'telling' and thus of his 






Clearly, the loops and branches provided by such a system can 
be extremely complex, allowing the 'prompting 1 and 'help' steps, as well 
as the 'correcting' loops to be partly or wholly diagnostic. An example 
is, if the topic covered in the 'telling' has the elements A, B, and C, 
then if the learner interrupts with a 'help' request or indicates 
unreadiness to take the 'test' when offered, a 'menu' step would be 
presented. This would provide prompting or additional information on 
each of the learning elements.
In a well-designed interactive system, it should be possible 
for the learner to take the initiative in requesting 'help 1 or 
additional 'telling 1 sequences simply by interrupting the program to ask 
for it. Normally some form of 'ESCAPE' key may be assigned to this 
function by giving it an ''interrupt 1 priority. This may be programmed to 
occur anywhere in the system or activated at important steps within the 
program. The system should present an option menu whenever 'ESCAPE 1 is 
pressed. An example is shown overleaf:
(20)
1.3.7
WHAT DO YOU WISH TO DO NEXT?
1) See that again
2) Have a different explanation
3) Go to a database
4) Take a break
5) Go to next segment
6) Go to the Main Menu
7) Finish the course for now 
TYPE 1,2,3,4,5,6 or 7
Programming is certainly simpler if all 'Prompt 1 , 'Help' and 
'Correction' choice points are of the 'multiple choice' type, requiring 
just one key press input to select the next step. But this requires the 
designer to predict all the possible 'help' activities that the learner 
might need.
Ideally, 'free text entry' at an option point is desirable, 
allowing the learners to request help in their own terms, rather than 
from a presented list. In practical terms the same design problem 
persists in that the computer program must contain a discrimination 
routine which recognises words or word-roots to be matched to the keyed 
input. Careful choice of word-root-matches can, however, provide a very 
'friendly' way of giving a choice and make it easier for the learner to 
express difficulties. This form of input is used on computer 'adventure'- 
games and proves successful, the only reservation being that a 
dictionary of recognised words or phrases should be given to the learner 
to prevent the frustration of such messages as 'I'm sorry I do not know 
that word'. 
Telling, Discovering, and Testing.
In this approach, an introductory 'telling' sequence sets the 
scene and presents background information or outlines a problem to be
(21)
solved. The learner is then challenged to discover a method of solving 
the problem, and is provided with a set of resource segments 'on demand' 
to assist in the process. When the learner expresses readiness the 
solution presented is compared against a model one. The key elements in 
this strategy are the availability of a help interrupt at any time, 
giving access to a set of option menus, a bank of resource materials, 
both video and computer-based as well as physical materials, which 
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Clearly, the flowchart for an effective 'discovery' strategy 
can be immensely complex, and the approach demands a great deal of 
imagination on the part of the designer, as well as a sound knowledge of 
the subject matter. There is no doubt, however, that it is in this type 
of strategy that IV can score heavily over other methods. 
Problem, Simulation, Assessment.
Another strategy for a learning sequence is for the IV system 
to present a practical problem and then place the learner in a simulated 
environment to produce a solution. This is a variant on the 'discovery' 
strategy, differing in that the resources are dynamic. The learner may
(22)
be required to decide which experimental or testing technique is 
appropriate to solve the set problem, and then to 'manage' that 
experiment, choosing equipment, connecting components, selecting rates 
of activity, timing processes, etc. on the computer/video screen. The 
simulation can be made very real, allowing the learner to take readings, 
carry out calculations, determine actions, or deduce explanations. It 
could put the learner 'inside 1 a management situation, and present 
alternative consequences as a result of decisions. The assessment 
strategy may have to be more 'open 1 than in other strategies, as there 
might not be only one 'correct' solution, but a range of solutions of 
greater or lesser probability of success.
This is probably the most difficult strategy to plan for, but 
because it allows the greatest flexibility and interest to the learner, 
it is more likely to be able to satisfy a variety of situations of 
different attitudes, abilities and personalities. It is also likely to 
lead to very effective, mature learning - if the package is well 
designed. 
1.2.9 I\/ as an Open-Ended Resource.
As well as providing prepared learning sequences, IV can also 
be offered as an audio/visual/tutorial resource, an electronic 
encyclopedia for free and open access to the learner. The instructional 
design involved in such a strategy is a mammoth task. Superficially it 
seems simple, but to catalogue 55,000 individual colour still pictures, 
and to give written descriptions of each, presents a problem in the 
searching of such a database. A good example of such a system is 
provided by the BBC Domesday Discs. This type of visual/textual database 
is flexible enough in its search routines to be incorporated into an 
existing learning scheme, simply as an additional 'discovery 1 resource.
(23)
Organizing the Strategies.
The Nebraska video disc Design/Production Group have identified 
seven different types of video disc 'frames' (not necessarily individual 
stills; each frame of the program could be a sequence of related stills or 
moving images). These can be assembled in a variety of ways to achieve 
various instructional strategies: 
(i) Orientation Frames.
One or more frames listing a segment title, contents (a 
Menu), objectives and related information which the learner must see 
before the instructional sequence begins. 
(i i) Content Frames.
These are where the 'telling 1 occurs, and consists of a short 
lesson of factual information, description of concepts, or 
demonstrations, 
(iii) Decision Frames.
These provide the learner with options, and they require 
input from the learner before the program can continue, 
(iv) Strategy or Comment Frames.
These frames offer advice on how to achieve a learning 
objective. They might be offered at frequent intervals, or be made 
available on the learner's request, 
(v) Summary Frames.
These conclude each content sequence, concisely summarizing 
the knowledge or skills that should by now have been acquired. They 
are free of all irrelevancies and could well be in the form of a table 




These are sets of frames presenting questions/problems to 
test mastery of the set learning objectives. Answers, correction or 
re-routing frames must also form part of these sequences of frames, 
(vii) Help Frames.
One or more frames available on request or, when the 
learner's responses indicate confusion or lack of mastery. They might 
offer remedial sequences or sets of resources to assist solution of a 
problem.
These seven types of frame can be assembled to create any of the 
learning strategies described previously. Each could be a still photograph, 
drawing, or diagram, a sequence of moving pictures, computer generated text, 
or computer generated graphics, selected as appropriate. 
1.4 Attributes of Video and Computer Technologies as Learning Media.
The selection of video and computer technology for application in 
the learning process is based on evaluating the four primary attributes of 
the technologies. These are visual, audio, calculation and sequence. 
Visual
Video is a recording device showing the relevant and irrelevant features 
of any visually-based event. On the other hand, computers can only 
provide programed visuals, normally omitting any irrelevant information." 
These tend to be line diagram representations, and can present 
difficulties to learners who have received little or no graphical 
training. Some computers are now capable of storing digitised pictures, 
but are severely restricted by memory in this function. Video is 
currently the most cost-effective means for recording and displaying 
visual information. Film is much too expensive for normal applications, 
except perhaps for commercial organisations who require large scale
(25)
distribution. Video ha s already become popular in the conventional 
training and teaching establishments. Video based visuals offer still 
pictures, motion, colour, and repetition of specific sections both at 
normal and different speeds. Computer graphics offer still diagrams, and 
animation. Selection of media for the visual needs of a course should 
therefore include an analysis of the following:
Video ______________Computer__________________
Linear motion Animated graphics
Still frames Dynamic display of visuals
Minimal loss of Loss of irrelevant
irrelevant information information not important.
Audio.
Both video and computer technology offer audio presentation. Video based 
media give audio mixed with the visuals and allow the inclusion of 
irrelevant information. Computer audio, similar to its visuals, is 
limited in irrelevant information. A "voice" is available on the 
computer, but is very limited in reproduction compared to the video 
version. In certain applications the computer sound may prove to be far 
more flexible because of its random access retrieval capability, and its 
dynamic nature to create infinite sound productions. The retrieval 
capabilities of the video disc and compact audio disc have now become a 
serious challenger in this area. The second channel on a video disc 
offers thirty eight minutes of sound. It could consist of a large 
vocabulary of single words or phrases, any of which can be accurately 
accessed and played.
Video based audio should be regarded as a pre-recorded attribute that 
provides a realistic reproduction of live sound. Computer audio, on the
(26)
other hand, should be regarded as providing instantaneous, dynamic 
sound.
Calculation.
This attribute is the prime purpose and function of computers. 
Video technology is not capable of calculation. The calculation 
capability offers a number of possibilities for providing direct 
individualized instruction. These include such things as immediate 
assessment for diagnosis and prescription of instruction, updates of 
learning needs, ready access to learner cumulative instructional 
records, flexibility in simulation, speed in presenting decision making 
information, creative forms of learner control and decision making, and 
other spontaneous instructional and learning conditions only previously 
available in a one to one learning situation. 
Sequence.
Conventional instruction can be described as presenting 
information in a linear sequence. Video is a good example of this linear 
sequencing, but it can, unlike a formal lecture, be interrupted for 
review. Computers, on the other hand, provide maximum flexibility in 
sequencing. The lowest form of program controlled sequencing is the 
branching technique used by Crowder(33), but now sophisticated computer 
based management systems provide for adaptive sequencing responding to 
performance, learning time, response patterns, period of learning and 
the structure of the content to be learned, as demonstrated by Tennyson 
and Park(34).
1.5 Summary of Chapter.
In this chapter I have tried to outline the main Theories of 
Education relevant to CAL and hopefully therefore to IV. There are many
(27)
studies suggesting that the application to CAL have been successful. 
Strategies and systems for the design and implementation of an IV 
programme have been put foward. It is intended to show how these have 
been developed and used to produce two independent IV packages:
1) Use of Surveying instruments at the 
Polytechnic of Wales.
2) Safety Document Procedures at CEGB's 
Aberthaw power station.
The next chapter discusses the detail involved in 
Interactive presentation, and the development of a hardware and software 
system.
(28)
CHAPTER 2. The Technology to achieve 
Interactive Video.
(29)
2.0 Models of Interactivity.
Many people perceive Interactive Video in terms of the hardware 
(stereotyped as a micro computer linked to a video disc player). In reality 
interactivity is a behavioural concept and becomes an instructional style 
more appropriately defined by the outcomes for the learner and instructor. 
Gayeski and Williams (37) suggest a model for 'levels of interactivity' 
which attempts to interrelate hardware, programme design, and the 
information provided to the learner and the manager of the instructional 
process. This is presented in fig 2.1.
The first level is 'direct address'. This does not employ 
specialized technology, but uses the powerful technique of scripting that 
'speaks' directly to the learner. The technique can involve asking questions 
for the learners to answer 'in their heads' or highlighting particular 
aspects of the scenario. Direct address also requires a thorough 
understanding of the learner group so that the programme relates its content 
in a suitable style, an example being a phrase like "What do you think is 
the explanation for ....?"
The second level is a 'paused structured' program. In this there 
are predetermined points where learners are instructed to stop the video 
machine in order to engage in some other activity. This might be answering 
questions in a workbook, engaging in thought or discussion, examining an 
object or practising a skill. Information for self-assessment of the 
activity is presented when the program is resumed.
Specialized hardware is introduced at level three in the form of a 
'random access controller". This device allows the playing of previously 
defined video segments in a defined order by entering a two digit number. 
The number appears within the program as the label of a section which can be 
selected or as part of a multiple choice alternative. In this way, the video 
'branches' to different segments depending on the choice, thus providing 



















demonstrated understanding, or expressed preference.
Level four interactivity uses a 'responding device'. It usually 
consists of a special purpose microprocessor, which enables selection of a 
response to a 'choice type' question by entering a digit through a device 
panel. At this level, each response and resultant branching are recorded by 
the system. These are then summarized and may be printed out at the end of a 
session. Some responding systems are also capable of producing simple text 
screens to supplement the video segments.
The use of a micro computer together with an 'interface 1 allows the 
control of the video player functions and constitutes level five. In this 
level, typed-in answers can be evaluated by judging models within the 
system's program, and the full range of computer functions can be utilized 
in conjunction with video. In addition, branching can occur in relation to 
an ongoing assessment of the learner's overall progress and/or response 
style. The system is capable of recording and reporting a learner's complete 
path and progress through the instructional seguence. It is also able to 
produce more general reports concerning the average results of a group of 
learners on the system. At this level a full range of instructional frames 
is available including video, computer generated text and graphics, a 
combination of both, audio with video, audio with computer graphics, or 
audio on its own. The computer system will allow several forms of response 
including multiple choice, yes/no, text matching, and the more powerful 
pattern matching and keyword formats. The inclusion of the micro computer 
also introduces the capability of calculation into the learning material.
At level six, a great variety of responses can be assessed using 
peripheral devices. In many cases, motor skills can be quantitatively 
analysed in the same manner as they would be performed. The skill is sensed 
by a special wired version of the instrument used; the computer is used to 
analyse the output from the device, and the program responds to this input.
(32)
There are a number of hardware/software systems, and new ones are 
constantly being introduced. Video disc and video tape are both used as the 
playback media and both need due consideration when choosing a system. 
2.1 SYSTEM ELEMENTS.
Figure 2.2 details the four key elements of an advanced IV system. 
The authoring facility enables the designer to create any text and graphics, 
to assemble and control the structure of the final presentation. In 
operation, the interactive presentation automatically presents the learner 
with video images, text, questions and choices. The learner interacts using 
some form of input device and branching occurs according to the responses 
made.
The analysis and management facility usually monitors learner 
response and program effectiveness. With this information, the designer can 
again use the authoring facility to revise and improve the effectiveness of 
the program. The diagram shows that all the elements interlink and are 
facilitated by the hardware within the system. Although this seems to 
indicate that the hardware is a main consideration, it should not be an 
overiding influence. In fact the hardware should be chosen to achieve the 
presentation required rather than governing the format.
In advanced IV systems, monitoring is done by a computer through an 
alphanumeric keyboard. Only when the text element is omitted altogether is 
an alternative 'programmer 1 used as with the Sony Responder video cassette 
system. Learner response is either achieved using the same keyboard as is 
used for authoring, or a special, simplified keyboard or keypad. As the 
technology improves, additional alternatives can be considered e.g. touch 
sensitive screen, light pen, mouse, and voice recognition may be used. Even 
specialist digital and analogue instruments can be used. Finally, the 
facility to have a permanent record of text for the learner is sometimes 









Fig 2.2 Interactive Fideo System, Wem
Authoring facility (Language or system) enables the creation of text 
and graphics and provides a course structure 
comprising text, graphics, video and audio.
Interactive Presentation utilizing keyboard, keypad, or touch screen
input etc. and video monitor with sound. 
Courseware- software, videodiscs, and tapes.
Management & Analysis learner records, performance analysis,
question analysis, group performance and 
course evaluation.
Hardware comprises videocassette or videodisc, 
micro computer, interface controller, image 
switcher, or image overlay facility.
(34)
2.2 HARDWARE SYSTEMS.
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The current range of systems divide into three main catagories 
summarised in Fig 2.4, and described in the following paragraphs.
Video Disc Video Tape
D rogrammer Control Units 
+ video machine

























2.2.1 Programmer Control Units.
At the lowest end of interactivity is a tape player with a remote 
controller to access specific tape segments, and is only available on a 
limited number of machines. The design of the random access controller and 
the way the program is able to ask questions usually severely limit the use 
of this approach.
Random access can be used to good advantage by combining it with 
'cue 1 programmers and video caption messages. A tape system employing this 
technique is the Sony Responder. The low flexibility and limited control of 
the unit has however made the system extinct.
2.2.2 Component Systems.
Within this category are many combinations of micro computer and 
video disc or video tape machines.
1. Video disc
In the UK, only three video disc players are currently available 
which lend themselves to computer control, namely the Philips Professional 
LaserVision (VP405,410,412,415), Sony (LDP-1500P and 1550P) players, and 
Pioneer (104000,4100, and 6100) player series.
These units are driven externally by a serial RS232 interface which 
is a method of communication implemented on most computers. One of the 
Philips machines (VP412) also has the advantage of having a teletext encoder 
within the unit. This allows text data to be sent from the computer to the 
player. Here it is encoded within the picture coming from the player. The 
result is that when this signal is sent to a teletext receiver, the text can 
be decoded and displayed on the screen; either on its own or overlaid with 
the picture. The UP412 (like the earlier UP705 and 835) is thus well
(37)
matched to interactive video applications having both external control and 
text generation capabilities. The procedure of sending acknowledgements back 
and forth is known as 'handshaking' and the advantage of the RS232 protocol 
is that communication can be achieved in both directons. For interactive 
programming "handshaking 1 is particularly useful.
Various micro computers can be used in conjunction with the video disc 
players to provide a means of generating text, diagrams and interactive 
control. The table shows the Apple, BBC, IBM PC and Philips micros' 
specifically, although in hardware terms at least many more micro computers 
could be used. Authoring facilities are available for all these computers. 
(See AUTHORING FACILITIES.)
2. Video tape
The control of video cassette machines is more difficult than disc 
machines because of the absence of any internal 'control intelligence" 
within the machines themselves. Whereas, with disc players like the Philips 
and Sony, it is sufficient to simply send a string of commands to search or 
find a location (eg. P504R), with video cassette control the tape position 
and machine status have to be determined by the external computer 
controlling the device.
Searching back and forth is most difficult in terms of control. Two 
techniques are currently employed to achieve this, both using interface 
hardware. One counts the video sync pulses off the tape as the tape itself 
moves foward or back. This count is compared with the location required and 
on coincidence the machine is driven into play. The problem with this 
technique is that positional accuracy is dependent on an accurate count. 
Tape stretch, loss of head to tape contact, and lacing and unlacing will 
cause cumulative errors over a period of time. There are also problems with 
counting these pulses at rewind speeds.
(38)
A second technique is to record, on the spare audio channel, an absolute 
reference of 'time' postions on the tape. This is usually referred to as 
'time-code' and ensures accurate search over periods of continuous use. 
Because of this necessary interface hardware, interactive tape systems tend 
to be more expensive than disc, especially if they allow for duplication and 
replication of the courseware materials produced. However, on a small scale 
the tape courseware may be cheaper to produce. 
2.3. HARDWARE CONFIGURATIONS.
The three hardware configurations considered and developed during 
this project were:
1) BBC micro and Video disc.
2) Apple II micro and VHS tape.
3) IBM PC Compatible and Video disc.
2.3.1 BBC Micro and Video disc.
A BBC micro computer (Model B with floppy disc unit), a Phillips 
Laser-vision 705, and a Ferguson 16" teletext television had already been 
purchased for the project prior to the author's joining it. The video 
material available at the time was limited to two video discs, one being 
"The BBC Videobook of Garden Birds", and the second dealing with the game of 
Golf.
The Birds disc covered many descriptions, moving footage and was 
viewable with interaction. The disc itself was capable of being viewed by 
controlling it from the front panel of the player. The manual supplied with 
the disc player, suggested that it was also capable of being controlled 
using a computer to transmit electronic signals to the player through a 
suitable RS232 interface. With the BBC (RS432) the interface proved to be a
(39)
5 way cable with suitable plugs at each end.
After several attempts it was discovered that the commands could be 
communicated to the player by sending ASCII characters through the RS232. 
These could be arranged as a group of commands using 'string variables' in 
BASIC. It thus became possible to play sequences of video from the disc. It 
soon became apparent that, to exercise any degree of control over the disc 
unit, the disc player would also have to respond back to the computer. This 
meant that the RS232 interface had to read information from the player as 
well as transmit to it. The major obstacle here proved to be the timing of 
the signals to and from the disc player. The player required different times 
to accept and respond to various commands. Therefore, when sending strings of 
commands, time delays had to be built into the BASIC program.
Eventually a program was developed around a series of video 
sequences based on the owls found in the UK. This was programed in BASIC. It 
included control of video sequences, teletext superimposed on moving and 
still video, questions, and branching on responses from the user. An example 
of a BASIC program to control the disc player is shown in Fig 2.5.
During this initial trial with the hardware, two major problems 
became immediately apparent.
The first was the difficulty in using existing video materials. The 
standard broadcast television technique of using the audio to introduce a 
change in video picture ( the commentary preceded the change in picture) 
represented an obstacle, and the solution meant introducing text screens 
before the commencement of the video, so as to allow the audio to be played 
at a sensible point. Also, the timing of short scenes were further 
aggravated by views of the commentator, David Attenborough, ending a 
sentence with his eyes closed thus preventing the stilling of the video. It 
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carefully timed and natural 'break points' introduced because IV depends on 
this principle of hundreds of little snippets.
The second problem was that of the complexity of the computer 
program. BBC BASIC did allow "procedures' and these were developed for the 
various control routines required. An example of this was a "procedure" for 
searching, finding and playing a sequence of video. The video picture is 
referenced by a frame number, and this number is sent with a control command 
to the player. The command routines were constructed so as to only require 
the frame numbers to be passed to the 'procedure' for processing. Other 
routines had to developed for learner responses, for example multiple choice, 
yes/no, and key searches. Although all these were possible in BASIC it also 
became apparent that the information for procedures and routines would be 
better kept in files, and programs "chained" in sequence because of memory 
size limitations on the computer. Some investigation into the use of the 
Sideways ROM system implemented on the BBC was carried out. This consisted 
of re-writing the routines in machine code and "burning" them onto an EPROM. 
Although this was obviously a feasible proposition it was felt that it would 
only detract from the main theme of the project. It was also decided at this 
stage that some means of simplifying the programming process had to be 
found, otherwise the only people who would become involved in IV would be 
proficient programmers and not subject specialists.
These two conclusions resulted in a closer look at another system 
which would ease the problems of producing the relevant IV learning 
materials. 
2.3.2 APPLE He and VMS TAPE.
The second system that was conceived utilised video tape and was 
designed in February 1983. The main problem with using video tape was the 
control of the video tape player. Most domestic players were controllable 
through a remote handset, but no external access was available for computer
(42)
control. The video image and computer image were incompatible, and would 
require some form of image switching. Industrial players on the other hand 
had some means of programming which allowed continuous showing of video for 
exhibition purposes. These also had a more complex hand controller with some 
access to the internal electronics of the player. It was possible to send 
signals to instruct the player to execute all the main functions available 
on the machine, e.g. play, fast foward, fast reverse, stop, pause, play 
slow, etc. There still remained the problem of image switching and accurate 
search facilities to identified video sequences. An electronic circuit board 
produced by B.C.D. (38) offered a solution. This board was capable of 
switching to the VDU either video material from the tape player or from the 
computer. It was also able to send signals to the video player remote socket 
in order to control the various play functions. The ability to search and 
find any section of the video tape was also available through this system. 
The industrial player was capable of recording TWO simultaneous sound 
tracks. The system used the second sound track to record an audio generated 
'time code 1 . This consisted of a 1 kHz signal dubbed on to the final 
recording of the tape. Using this the system was able to search for and find 
the video material to within a twentyfifth of a second, i.e. to one frame of 
video.
One other area of concern was the production of graphics screens as 
a means of illustration and instruction. If programming in BASIC was the 
only means of producing these, the process would become laborious. The Robo 
Bitstik system for producing graphics on the Apple system was investigated 
and finally purchased. This proved to be relatively simple to operate and 
allowed the production of complex illustrative drawings with little computer 
expertise. These could not be overlaid on video, but were presented as 
separate computer images. The system allowed the playing of audio material 
whilst the graphics were present on the screen, and this proved a very
(43)
useful feature, especially where the graphic diagrams were complex.
An authoring station (one used to produce a program) therefore consisted of: 
Apple He micro computer with dual 
floppy disc drives. 
Panasonic 8100 VHS recorder/player 
14" JVC colour video monitor 
Robo Bitstik system 
Epson dot matrix printer
A student station (one used to only play a program) consisted of:
Apple He micro computer with single 
floppy disc drive. 
Panasonic 6200 VHS player. 
14" JVC colour video monitor.
These are shown in Figs 2.6 and 2.7 respectively.
All the video material was produced, edited, and mastered on Low 
Band U-matic tape. The 'time code' was also recorded on the U-matic tape. A 
U-matic machine was also able to be connected to the computer system, and 
this allowed all the material to be checked on the master tape. The final 
version was then copied down to VHS. This proved to be successful, but care 
had to be taken with the audio levels on the 'time code 1 track in order to 
maintain the integrity of the control signal on the VHS version. If the code 
was recorded directly onto each copy of the VHS, then the discrepencies in 
timimg had to be corrected for each tape. Although this was not too 
difficult a task, it did mean that each individual tape needed a
(44)
corresponding matching floppy disc. This would require external management 
of the learning materials, and could lead to confusion and frustration to 
the user if the discs and tapes became mixed. The solution used was to 
record the 'time code' on the master U-matic and transfer this to the VHS. 
Accurate recording levels had to be maintained on the audio tracks.
It was also felt that the learners operating this system would be 
reasonably 'computer literate 1 and the keyboard would be suitable as the 
input device. The 'booting 1 up of the Apple system was fairly straight 
foward, and the video system only required the insertion of the requisite 
tape. A simple instruction manual was prepared (see Appendix 2) which was 
issued to learners before commencing on the system. This manual also 
included the necessary workbook for the materials in the package. 
Fig 2.6 The Apple lie authoring station.
(45)
Fig 2.7 The Apple He student workstation.
Fig 2.8 A graphics screen.
(46)
2.3.3 IBM PC Compatible computer and Video disc.
This system was designed in 1986 and was to serve as the delivery 
unit in an industrial environment. It was the first of the systems 
considered in this project that not only had to be capable of presenting IV, 
but also to have a defined specification at the outset. The unit was to be 
installed at the Central Electricity Generating Board power station at 
Aberthaw for on-site training, 24 hours per day. The initial client 
specification was that it had 'to run from a single 13 amp socket without a 
computer expert to start the thing running 1 . It was also anticipated that 
each station would need to carry the current records of approximately 100 
trainees at any given time. The program itself was expected to be large, and 
several versions would need to be installed on each workstation. The version 
selected would normally be under the control of a training supervisor, but 
the operation still had to be kept to a simple non-computer expert level.
With these considerations in mind the (then new) BBC master, and 
the Apple lie microcomputers were rejected. The application required a 'hard 
disc' machine with far more than 64 kbytes of user memory. The separate hard 
disc systems provided with these two machines tended to be units with no 
more than 10 Mbytes of storage. The expansion of the user memory past 128 
kbytes also presented problems. A 20 Mbytes hard disc was decided as being 
the minimum practicable. At this time the technology of other machines such 
as the IBM PC were presenting the user with relatively cheap hard discs. The 
operating system (MS-DOS) also allowed simple 'boot-up' routines to make the 
machine almost automatic in its start up procedure. The computer also came 
with a RS232 port as standard and therefore was capable of controlling a 
video disc player.
Having resolved the problem with memory and disc storage the next 
step was to discover whether the computer could be used with video. A new 
board had just been introduced by Video Logic (MIC-2000) (39) which was
(47)
compatible with an IBM PC. It could be used to control the video player and 
provide both image switching and overlaying of computer graphics/text onto 
the video image. In addition to the above functions the MIC-2000 board was 
capable of independently fading sound tracks, video images and computer 
video. It automatically initialised itself to the computer/disc player 
configuration used. The software provided with the board also greatly 
simplified the command structure required for computer control of the video 
disc player. Examples of these commands are as follows:
PLAY SEGMENT(2240,2540,NORMAL) would play from frame 2240, to frame
2540 at normal speed. 
EINDFRAME(2240);WAIT;STILL would search for frame 2240, and stop
the picture at this frame showing a
still image 
FADE VIDEO(255,200);AUDI02 OFF would fade the video picture from blank
to full intensity in 2 seconds, and
switch off the second sound track.
This command structure could be used by any computer language and
implemented by opening up a channel to the RS232 (COM1) port and then
'printing' the commands using BASIC. Responses from the player unit could
also be received using such commands as WAITFRAME(2240) allowing the player
to tell the computer it had reached frame 2240. The timing problems
encountered with the BBC and Philips 705 player were eliminated by the
software on the MIC-2000. In fact, due to the initialisation and
configuration routines in the software, the timing factors for each type of
video player were automatically accounted for. This was borne out when
substituting another manufacturer's disc player at a later stage; the
programme ran first time without modification.
(48)
The MIC-2000 manufacturers claimed the board would work with IBM PC 
compatibles. To date it has proved to be compatible and reliable with the 
following machines:
IBM XT and AT
Tandon PCX and PCA
Commodore PC10 and PCA40
Beltron XT and AT
The board is supplied in both CGA and EGA graphics versions. The enhanced 
graphics version was chosen to provide better graphics and text 
presentations.
The next stage in hardware selection concerned the video disc 
player. Initially the Philips VP835 player was chosen and used in a 
development system. This proved technically suitable, but was somewhat bulky 
and only available as a 'top loader 1 i.e the disc was loaded through a 
lift-up lid on top, as in a record player. The Sony 'front loader' was then 
considered and tested. In this the disc was loaded in a motorized drawer in 
the front panel, as in a CD player. This was physically smaller and could be 
stacked in the cabinet of the workstation much more conveniently. In 
addition the Sony player actually proved faster in its search function, thus 
reducing some of the irritable delays which can occur in a programme. The 
new Philips 400 and Pioneer (4000) series of players now being offered 
(1988) are also front loaders and have vastly improved search times over the 
early Philips 700 and 800 series.
The final hardware problem to be resolved was the learner input 
device. CEGB training staff at Aberthaw had decided at an early stage that 
the conventional computer keyboard should not be used. They felt that the 
task at hand did not include 'keyboard literacy' and the normal keyboard 
would present learner inhibitions. In January 1986 it was felt that the 
"touch screen' had as yet to prove its reliability and suitability in an
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industrial environment. A 'mouse 1 or 'trackerball 1 were also suspect in the
dirty atmosphere of a power station, and perhaps would be difficult to
master. This left some form of 'concept keyboard 1 or digitizer board. The
latter was ruled out as too expensive (in excess of £800). It was decided to
experiment with an A4 pressure pad board. An overlay could be designed to
fit and areas of the pads designated to respond as the equivalent of keys
pressed on the keyboard. The pad used was a "Keyport 1 which is an American
product. On early trials with the computer and using the software supplied
it seemed reasonably acceptable, even though the pressure applied seemed to
vary over different parts of the layout, and very little feedback was felt
by the user's fingers. However, when coupled into the other software being
used on the machine, a major problem revealed itself. The pad was causing
timing problems with the running of the other software. This not only
affected the programs, but also caused the video player signals and timing
control to malfunction. After several consultations with the supplier it
became apparent that the pad software was designed to run at 4.7 MHz
(Standard XT speed) and the IBM AT was running at 8 MHz. Neither the
American manufacturer nor the British agent seemed able to offer any help in
the way of technical support or willingness to supply additional versions of
the driver software. This led to the decision to abandon the keypad. (It was
later discovered that Jaguar UK were experiencing the same problems with
that keypad on their IV project. The input device now became a major
stumbling block to the hardware system. The decision was then made to look
at the manufacture of a specially designed keyboard. The control program had
been almost completed at this stage, and it became apparent that only a
limited number of keys were being used. A standard IBM keyboard was taken
apart and from this it was discovered that it would be a relatively simple
matter to convert it. The circuitry was transferred to a different box, and
only the required keys were wired up. These were wired to push switches
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which had legend covers. This arrangement allowed a key legend to be 
produced which could match the illustrations produced by the graphics on the 
screen. An example is the 'GO 1 key which in keyboard terms was the ENTER or 
RETURN key.
The IV workstation as used by the trainee is shown in Fig 2.8, and 
that used by the trainer in Fig 2.9 
Fig 2.8 The trainee workstation at Aberthaw.
(51)
Fig 2.9 The trainer access to the work station.
(52)
The final version of the customized keyboard, complete with legend, 
is shown in Fig 2.10 below: 
Fig 2.10 The final customized keyboard.
(53)
2.4 AUTHORING LANGUAGES AND SYSTEMS.
In order to put the interactivity into an IV programme, the 
producer/designer in some way has to provide a set of instructions that the 
micro computer in the system can interpret and carry out. In normal computer 
terms instructions can be written in several forms.
Right down at the lowest level there is "machine code 1 . The 
Programmer writes the instructions to the machine using binary code, 
consisting of only 'O's and '1's. The flexibility and speed of computer 
operations are very high. Machine code programs are written for a diverse 
range of applications. The video disc player is capable of accepting these 
instructions on the RS232 port, and some attempt was made to write a program 
on the BBC/Philips system. One of the main advantages with machine code is 
that the program can be quite small, and in fact it could be written to an 
EPROM chip. This could be inserted into the BBC computer 'Sideways' ROM thus 
allowing the major control routines to remain in memory. The timing 
difficulties mentioned earlier with this system were dealt with quite easily 
by using the requisite number of NOP (No operations) within a loop in the 
code. The timing of a NOP would vary from manufacturer to manufacturer, but 
can be adjusted in the code for each. One other problem that did begin to 
cause concern was the problem of transposing the machine code instructions 
from one type of computer to another. It was at this stage that the penalty 
of tedium and complexity became too large for the speed and flexibility 
gained by this method.
At an intermediate level there are general purpose programming 
languages such as BASIC, PASCAL, C, FORTH, PILOT etc. These provide a 
reasonable amount of flexibility, but are languages and being so the user 
has to be become familiar with them before embarking upon writing a program.
The final alternative is very high level software which makes the 
actual operation of the software totally transparent to the "programmer 1 .
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The 'programmer' is able to communicate with the computer using very 
English-like words and commands. For instance, programs like Lotus 1-2-3 and 
Wordstar make it possible for most people to communicate immediately. These 
high level systems are normally referred to as Authoring Languages or 
Systems. There tends to be an inverse relationship between the ease of 
authoring and the flexibility of the interactive presentation that is 
produced. Normally a very sophisticated IV programme demands a highly 
flexible authoring facility, and this tends to be difficult to use. 
Alternatively, an easy to use authoring facility provides less flexibility 
and tends to restrict the availabiliy of interactive options. Some 
facilities provide a compromise between these two extremes. 
2.4.1 AUTHORING SYSTEMS.
An authoring system is usually characterised by the level of 
support it offers the author. This support is normally in the from of 
prompts, menus, and help information. It should point out and explain errors 
that the programmer enters and not simply reply with the age old message 
'Syntax Error" . An example of this support in the IVL authoring system is 
when the author has forgotten to insert a video tape. The system responds 
with the message 'Please insert a tape! 1 .
An authoring system should allow the author to work to pre-planned 
flowcharts laid out on a pro-forma sheet. These are especially necessary 
when complex answer matching and branch sequences are included.
Menu options are the most common method for the entry of 
information. These are acceptable providing the system responds quickly, but 
can be tedious when entering large amounts of information, possibly leading 
to silly mistakes. When the system is well designed and responds quickly 
this method can be very efficient. In the more advanced systems, video and 
computer images can be viewed simultaneously. This facility is essential 
where overlaying of text and graphics is envisaged.
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For any serious training use, the authoring system must provide 
learner record management. This must be simple to operate, otherwise the 
information gathered could prove to be inaccurate or even useless.
The two authoring systems used during this project were IVL and 
SAM. 
2.4.1.1 IVL-Interactive Video Learning.
This package was produced by Dalroth Computer Products Ltd. It was 
devised to run on an Apple lie computer with a B.C.D. interface and either a 
Panasonic VMS or Sony U-matic industrial tape unit.
The package was menu driven and so proved quick and responsive. 
Unfortunately the help facilities were restricted to a manual. There were 
pro-formas provided with the package, and these were used extensively during 
the Polytechnic project.
IVL provides the means for producing the necessary 'time code" on 
the video tape. This was achieved simply by dubbing a signal produced by the 
computer on to the master tape. The video scenes were then identified by 
playing the tape and pressing the 'S 1 key for the required start point and 
'E 1 for the end point of each individual scene. It was also possible to 
produce repeat scenes and to sub-divide scenes using this method. The scene 
details regarding time and frames could then be printed out. The following 
is a printout of a programme at the Polytechnic:
INTERACTIVE VIDEO LEARNING 
***** ********
VIDEO LOGGER SCENE DETAILS 
Date 15/03 Time 11.15
Start End Length
Scene Frame ___ Time Frame ___ Time Frames ___ Time
1 ~~783 076731: 8 1784 0:1:11:9 1001 0:0:40:1
2 2010 0:1:20:10 3071 0:2:2:21 1061 0:0:42:11
3 3231 0:2:9:6 3987 0:2:39:12 756 0:0:30:6
4 4105 0:2:44:5 5110 0:3:24:0 995 0:0:39:20
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The major criticism here is that there was no space allocated, 
within the printout, for a comment to identify the contents of the scene. 
This meant having to refer back to the relevant pro-forma sheet to interpret 
the record.
The package was a simple and reasonably flexible system for 
producing the learning material, this being split into single topic sections 
called 'blocks'. The blocks were then sub-divided into segments, and 
branching was allowed from segments inside and outside the current block. 
The segment types offered were fairly basic and were selected of a choice 
from the following menu:
Presentation Mode_________________Testing Mode 
Video Scene Multiple Choice 
Computer Text True/False 
Graphics Missing Word 
Printouts Free Answer 
Audio Tutorial Routine
A typical pro-forma for the information required to create a test 
segment is shown in Fig 2.11, and a graphics segment with audio sound track 
is shown in Fig 2.12. The graphics were created using the Robo Bitstik, 
saved and then recalled using IVL.
A printout was also available on demand of all the Blocks and 
segments that had been created, complete with the relevant branching 
information. An example of this is shown in Fig 2.13. A complete set of 
pro-formas for all the types of segments is included in Appendix 2.
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Free Answer Test Block:2 Segment:9
Test Type: Ordinary. Block test relates to:
Satisfactory % Score : 80
Branch if satisfactory : 15
Branch if unsatisfactory(1): 10
Branch if unsatisfactory(2): 92
mm mm *w mm mm mm mm ——• mm mmi ̂  ̂  ̂» ̂  ̂ •• ̂  mm mm M» *• <•• mm mm ̂  mm mmm —p ̂  ̂  —— •» mm » ̂  ̂  -^ —— « •« ̂  ̂  mm mm* ~f mm ——. *• •» •— ̂  —— mm —— ̂  «• ̂  «• ̂  ̂  ̂  ̂  mm* ^ mm mm mm —— «•
NOTES:
Max number of questions 1-5 Key words OR Range of answers
Segment range 1 - 101 Block range 1-20
Block range 1-20 Max wide or large . 18
Key words variable 1-3 Range of answers variable 1-5
Test types : Ordinary, Pre-post, Pre-only, Post-only
Free Answer Test Question 1 of 5
Question
A surface which is everywhere at 
right angles to the direction of 















Computer Graphic __________________________Block; 2 Segment: 6
Graphic Title: BLOCKl/4 
Scene Number if with audio: 2 
Next Segment: 7
CONTENT:Diagram to differentiate between level and horizontal lines.
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
Levelling has been defined as the operation of determining the 
differences in height of points on the surface of the earth. In order 
to understand how the principle of levelling is applied, it will be 
necessary to define some of the terms used.
A LEVEL LINE (as shown by the blue line) is one of constant 
height relative to sea level and is therefore a curved line concentric 
with the mean surface of the earth. At any point this line will be at 
right angles to the direction of gravity.
A HORIZONTAL LINE (as shown by the red line) is a straight lim 
which is tangential to a point on a level surface, and is at right 




INTERACTIVE VIDEO LEARNING 
***** ********
Course name: USE OF THE LEVEL.
Date 00/0 Time 00.00
Certificate: No 
Graphics on disk 2: No 
Time Kit: No 






4 Reading the Staff.
5 Rise & Fall Bookings
6 Glossary.
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The IVL package proved simple to use, and several members of staff 
were trained in its use. Unfortunately it did prove restrictive in the way 
material was structured and presented. Repeat and alternative segments had 
to be constructed using separate blocks. These segments were carbon copies 
of earlier ones, and this rapidly used up the 100 segments allowed in one 
programme. The Free Answer segment was in fact a matching routine, and 
allowed up to three strings to be matched. The main disadvantage with IVL is 
its lack of calculation facilities. This severely restricted the 
application, in as much as the subject area contained many simple 
calculations. Exercises could have been built around problem solving, both 
in the workbooks, and at the keyboard. The management facilities proved 
comprehensive. Each student's individual responses and his/her passage 
through the structure were recorded. The reporting included scores and 
averages not only for the individual, but also for a group, thus making it 
easy to identify problem areas in the structure and content of the 
programme.
2.4.1.2 LEARNCOM'S SAM.
This package was produced by Learncom of the USA. It was devised to 
run on an IBM XT/AT or compatible, and used in conjunction with the MIC-2000 
interface. The combination would allow the production of IV using a 
Philips/Sony video disc player, or National Panasonic/Sony tape players.
The system was menu driven which proved quick and responsive during 
production. There was a full 'on-line' help facility, and two hefty manuals. 
Unfortunately some features were not apparent from either, and a great deal 
of time was spent in sorting out some problems. A typical instance was the 
computer based limit of allowing only 255 questions to be recorded per 
trainee. This only showed itself once 255 had been exceeded, and the system 
gave no indication that this was erroneous, just producing what seemed to be
(61)
intermittent errors in recording information.
The menu system provided many options. There was a full-text editor 
which produced the text on screen as it would appear in the final programme. 
Linked to this was a good graphics package, and diagrams and illustrations 
were easily produced. It would have benefited from the use of a 'mouse 1 for 
this purpose. For more complex drawings, it was possible to import and use 
files produced in other graphics packages into the main programme. Another 
feature used together with text and graphics was the ability to overlay one 
screen on top of another and this proved invaluable when reinforcing 
responses to questions. This was also the technique adopted to produce 
overlays of text on to video images. The 'branching' and special features 
options were more than adequate, and were as follows: 
BRANCHING MENU: Press ? for help____________________________Paqe;10D





Find Input Field 
Lesson Variables 
External Program 
Assign Special Keys 
Remove Special Features
Press Enter 
Time Delay Page 
Yes/No or True/ False 
Multiple Choice 
Use Special Keys 





List of answers 
Branch on Test Results 







The package was designed originally for producing CAL programmes, and is the 
result of a great deal of development. It is quite complex and takes some 
effort to learn the features. After two years of use, 'new' functions and 
methods are still being developed by the author. Because of the complexity 
of the package it is intended only to outline some of the more important 
features applicable to the CEGB project.
Instead of the 'segment 1 as a unit, as in IVL, the 'page' is the 
unit in SAM, and there is no block structure. The 'page' is actually an 
operation or function, for example producing screen text, playing a video 
segment, analysing a trainee response, branching, or calculating a result. 
The package fully supported the MIC-2000 command structure. The system was 
capable of playing the video, complete with frame number, whilst in the 
authoring mode. A background colour for the screen could be chosen and the 
computer made this 'transparent' so that the video scene could be viewed. 
Any text or graphics needing to be overlaid would be given a colour other 
than that of the background. This produced the effect shown in Fig 2.14. In 
this instance there had been a change in the procedure for filling in the 






Fig 2.15 shows another example of text overlaid on a video image.
'-• it •
Vou should now check to see 
that the Safety Documents 
shown ar»e available with you 
fov this lesion. 
Then pr*ess IPCII to continue.
Fig 2.16 shows a computer generated graphics screen. This was a new version 








party have been removed and access door 










Figs 2.17, and 2.18 show the overlay of one text screen on to another giving 
reinforcement to a response.
all contractors' staff oonside~ 
'Competent Persons' in terms of the 
Safety Rules?
That's not risrht.
Only contractors' staff nominated in 
wpitinar 1>« a CEGB ensrineex* can act < 
Competent Persons, receivinv A holding 
Safety Documents.
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Another important feature of SAM was that it allowed calculations within the 
programme. Thus a trainee can input numbers and the package calculates and 
compares answers. The normal numeric and trigonometric functions were 
available. Linked to the provision of 19 independent variables was the 
availability to 'SHELL 1 to other MS-DOS programs and to transfer the values 
of these variables. This allowed the designer the opportunity to transfer 
information to and from such packages as spreadsheets and databases. The 
Lesson Variable function was much used for setting 'flags' within the 
programme to keep track of where a trainee was. Firstly, it was possible to 
re-enter the programme at a later date, without having to repeat too much of 
the previously completed material. Secondly, the variables were used to 
guarantee some form of structure, and thus prevent confusion to the trainee 
when choices were given and acted upon.
The Random Pages option made it possible to select lesson pages at 
random for a series of alternative pages. The function was used to produce 
randomness in the sequence of questions of some of the tests.
The authoring system required that a number be allocated to each 
question and test so that the package was able to record trainee responses. 




Response to allocated questions
Whether response was correct/incorrect
Percentage correct.
SAM proved to be a powerful package which satisfied the needs of 
the CEGB project. Used in conjunction with the MIC-2000 software it was 
capable of accepting other input devices e.g. a Microsoft mouse, lightpen
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etc, providing the correct MS-DOS drivers were made available by the 
supplier. The final program file occupied about 500 kbytes on the disc, thus 
confirming the need for a hard disc system. The floppy disc version was slow 
due to the computer continually accessing the disc for information. With the 
size and complexity of the final programme, the author feels that 
programming in BASIC or PASCAL would have been impossible in the time 
available.
The package had reasonable error detecting procedures, but the 
screen messages were sometimes confusing. One of the main drawbacks, as with 
IV/L, was the need to leave the editor and load the package into a 
'run-time 1 mode to view the programme sections as they are completed by the 
author.
2.5 Chapter Summary
In this chapter the author has outlined the technology of the 
hardware and software available for providing an interactive video 
presentation. During the project, the technology has changed vastly from the 
simple approach of the BBC computer with Teletext, through the Apple and 
video tape, to what now seems to be setting, if it is at all possible, 
something of an industry standard (in so far as this is possible in a highly 
competitive market) i.e. the IBM/MIC-2000/video disc.
This chapter is probably the hardest to finalise. Every week the IV 
press publishes details of new hardware, and predicts the obsolescence of 
existing equipment. It is hoped that what is not lost sight of is the 
content of the first paragraphs of this chapter, i.e. the concept of 
'Interactivity', and not become sidetracked by the technology which is 
capable of producing it.
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CHAPTER 3. Instructional Design for 
Interactive Video.
(68)
3.0 Instructional Design for Interactive Video.
In the first chapter the theories of education were discussed. In 
this chapter it is hoped that it can be .shown how these are applied to the 
production of an IV learning package.
The design and development of any learning package is essentially a 
systematic one which involves a number of discrete but interdependent 
stages. These can be presented as a simple linear progression, but in 
reality the decisions taken at any stage may have to be reconsidered as a 
result of decisions made at a later stage. When designing by such a 
systematic approach it is essential to leave the detailed design until a 
broad outline has been settled upon.
It would be over optimistic to assume that any initial plan would 
remain unchanged after an evaluation of a project was completed. Due 
allowance should be made for this, and provision made for pilot testing with 
a 'live audience'. These results must be assessed and any necessary 
amendments made. Careful planning is needed at the outset when an expensive 
video production is envisaged.
The main stages in the design of a learning package are shown in 
Fig 3.1. These in fact could be representative of most open or distance 
learning material.
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Fig 3.1 Stages in the development of an IV learning programme.
1 Analysis
2 Design
- to define the objectives of the programme, and to 
provide a means of classification and structure. 
From this analysis, identify content areas.
- to produce an overall programme plan, the form of 
interaction, develop detailed structure and 
routeways, produce script details for audio, video, 
computer text, and graphics.
- to shoot, edit, and produce video and audio in final 
format. Create the relevant computer text and 
graphics.







- to pilot test the programme with a representative 
group of the intended audience.
- to investigate the results of the pilot scheme. 
Identify problem areas in the materials.
- incorporate the necessary amendments identified in 
the evaluation.
- to establish the level of success the programme 
achieves with the anticipated audience group.
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The early stages of development of an IV programme consist of 
Analysis and Design.
3.1 ANALYSIS
Analysis can be divided into three basic stages:
1) Develop and classify the objectives and identify any 
prerequisites.
2) Analyse the objectives to reveal the main programme 
content areas.
3) Analyse the target audience to determine the level of 
content required.
3.1.1 Develop and classify objectives and identify prerequisites.
At this stage it is assumed that an educational or training need has been 
identified. It is now necessary to analyse that problem in detail in terms 
of the particular skills or attitudes the programme is intended to convey. 
After completion of this analysis any prerequisite knowledge, skill or 
attitude areas should be identifiable.
The programme on the Use of the Level was designed as one of several on 
different aspects of Surveying intended for students with little knowledge 
of the subject. As a starting point for planning, the overall purpose of the 
programme was elaborated in the form of an AIM.
AIM to enable students of surveying to use the Surveyor's Levels.
The aim is broad but does give the direction of the programme and indicates 
the outcome of someone using it.
The statement does not explain how to recognise someone who can fulfil this 
aim. It is now necessary to identify what a successful learner is able to do
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after using the programme, that is to analyse the aim and identify the 
elements that the learner has to master to achieve this aim. This process 
will lead to the identification of general objectives or major purposes. 
They differ from an aim, in that they use more precise verbs, and describe 
what the learner has to be able to do. Some of the major purposes of the 
Surveying programme were:
The student will be able to:
i) define various terms used in Levelling 
ii) identify types of Instruments used
iii) read, record and reduce the measurements taken for level survey 
purposes.
These statements give a much clearer indication than the aim of the skills 
which the learners are to achieve. There is however one more stage which 
needs to be considered.
This stage is deciding on the level at which the learner has to perform the 
objective. The subject expert will know the level of competance required in 
each skill. The Instructional Designer has the problem of committing this to 
paper in such a form that it would be easy for an observer after watching 
the learner, to decide whether the tasks have been carried out 
satisfactorily. This is especially important when using the computer as the 
'observer'.
The general objectives are now supplemented by specific objectives of 
learning;
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(i) The learner should be able to define various terms used in Levelling
a) Differentiate between 'level lines' and 'horizontal lines'.
b) State the 'reduced level 1 of a point.
c) Identify Ordnance Survey Bench Marks.
d) Determine the value of OS Bench Marks from maps and tables.
These are four objectives of many that could be derived from a major 
objective (i). The objectives are not in an arbitrary order, but are placed 
as in the order in which they will be dealt with in the programme. It is not 
suggested that this is the only way of organising the t objectives. It is 
possible for the Instructional Designer to classify them to the types of 
skill they describe, and this can be important if one is concerned to ensure 
that a full range of skills will be learnt.
In the Levelling programme, the objectives have been ordered because they 
represent a sequence of instruction with the achievement of earlier 
objectives being a prerequisite to the achievement of subsequent ones. 
In many programmes it would be appropriate to specify prerequisites which 
must be fulfilled before the user starts the programme. It is possible to 
test for these at the beginning (Pre-Test) and to allow the user to progress 
through the programme, or not, depending on the results. In a Post-Test the 
learner may be allowed to complete the whole set of questions before making 
a decision as to the next learning sequence. It has been found with 
Pre-Tests that as soon as the learners have answered a critical question 
incorrectly then they should be routed immediately to the beginning of the 
learning sequence, without being forced to go through the remainder of the 
Pre-test. This process has been found to reduce frustration in the learner.
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3.1.2 Analyse objectives to reveal programme content areas.
Once the objectives are established, the next stage concerns the derivation 
of the content relating to these objectives. In the programme envisaged for 
the Polytechnic one of the objectives was that the learner would be able to 
distinguish between various types of Surveyor's Levels. This not only 
involves the recognition of the different type, but also the differences in 
adjustments required for use. Also there would be common components between 
types, and the method of reading of each would not differ. The content could 
then be related to each of the objectives, and forms the basis of the script 
for the programme.
3.1.3 Analyse audience needs to determine the level of content required.
This analysis of the audience is a particularly important stage if 
different levels of learners are envisaged for the programme. One of the 
more useful attributes of IV is that the information may structured in many 
ways for different audiences, and can all be contained in the same 
programme. The level of material accessed, is determined by the computer as 
the learner responds and progresses through the programme.
It may be found necessary to provide a routeway through the 
programme which gives less details about the operations involved. Using this 
method it is possible to present material to a more knowledgable learner 
without appearing to "speak down 1 .
The routeway a learners take through the programme can be determined by 
their responses to questions which check whether the skills have been 
mastered allowing them to bypass elements of instruction. It is a simple 
task within the programme to route a person with the prerequisite skills to 
a segment containing more advanced material.
The Polytechnic programme was aimed at a group of students with 
much the same academic level. The CEGB project, on the other hand, had a
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much wider range of levels. Initially the material content presented to the 
various groups was to differ.
3.2 Design.
The design of a programme can be divided into five main 
constituent parts:
1) to produce an overall plan of the programme, and to 
indicate the main blocks of information.
2) to fill in the remedial and other support blocks required.
3) to develop the inquisitional style of the programme to 
facilitate the interactivity.
4) to produce a flowchart from the information identified in 
the previous steps.
5) to produce a full script of the programme.
3.2.1 Produce an overall plan of the programme indicating the main blocks of 
information.
The purpose of this stage is to allow the Instructional Designer to perceive 
an overview for the programme, and to develop an outline structure. The most 
common method for this operation is the use of some form of outline 
flowchart. It consists mainly of blocks of information which can be joined 
by lines to show the progression through the learning material. The block 
chart for the Levelling programme showed a linear progression and consisted 




























































































































































































The block chart for the CEGB programme was far more complex. This 
was developed in conjunction with the training staff at Aberthaw. It served 
an important purpose in the design, as it allowed the CEGB (the subject 
specialists) to establish clearly the process involved in the Safety 
Documents Procedure, and the Instructional Designer to produce an overview 
of the process. The block chart for the analysis provided a particularly 
useful facility in the team planning situation where different ways of 
structuring the information could be tested. It was at this stage that a 
decision was taken as to the audience range and level of the instructional 
material. The block chart showed that the material required by most trainees 
was the same, and it was important that, although trainees may not be 
involved in later stages of Document Procedures, they should still realise 
the consequences of their deeds. This became such an effective method that 
it was decided to produce a large scale block chart. This was done on an A2 
piece of card. The main blocks of information which the programme was to 
contain were then written separately and 'pasted 1 to the card. The blocks 
were joined by lines, and arrows added to show the routes through the 
programme structure. This final block chart proved an invaluable asset to a 
team approach on the project. It produced a document which was easily read, 
and was capable of showing the effect of amendments to both the 
Instructional Designers and the subject specialist. This system chart also 
provided the means of initially testing the flow logic through the 
programme. (It must be pointed out that the title 'Task Analysis' described 
the various tasks involved in the Safety Documents Procedure, and not the 
tasks involved in developing the programme.
The final block chart for the CEGB project is shown in Fig 3.3. 
This was arrived at after several versions as the Design and Subject 
specialists both developed expertise in its use. The information in each box 
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This block was self contained, and could be directly related to adjacent 
blocks. As important, at this stage, was the fact that the block also 
appeared complete as regards forming a test on the information contained. It 
thus formed the natural "unit 1 of the instructional programme design.
3.2.2 Fill in any remedial or other support blocks of the programme.
With the overall plan of the main programme completed, it now 
became necessary to give more attention to the branching. These are the 
parts of the programme to which the user would be taken for remedial help or 
additional information. It soon became obvious that these blocks or segments 
could be accessed in different ways depending on the structure of the 
programme. The user could select the branches by referring to an index or 
menu. Alternatively the user may only reach the segments as a result of a 
single response, or even a group of responses.
In both the projects, each video scene never lasted more than about 
three minutes. If several important points were included in a scene, then 
the scene must be capable of being broken down into smaller components. This 
method allowed the quicker learner to view the whole scene and answer 
questions. The slower learner was able to repeat the scene, either as a 
whole or by selecting the smaller components as required.
The Surveying programme also had a revision section which was 
organised as a Glossary. This was in the form of a series of menus, and the 
learner could browse through the material. It was presented in the form of 
video segments together with short computer text summaries.
The CEGB programme's revision section was mainly short reviews of 
the material. These were chosen by the trainee from a menu, and the number 
of viewings was not restricted.
3.2.3 Develop the style of inquisition to facilitate interactivity.
There are various of ways in which interaction can be facilitated. Some of 
these will be dependent on the choice of the hardware, and others on the
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facilities available through the authoring system. It may be necessary to 
check the learner's comprehension after certain of the programme blocks and 
to route accordingly. Another alternative is to present the learner with 
several options, and then allow an option to be chosen. The learner will 
then be allowed to choose when to be tested on the content.
In the Surveying programme the learner was guided through the first 
block which contained the basic definitions. After this the other sections 
allowed the learner to take the test at the end of a block. If the learner 
did not reach a prescribed level, a menu was offered allowing revision of 
the material in small blocks. This maintained, for a learner, the control on 
how much and how often the material was seen. The initial testing was 
carried out using 'Free-answer' matching questions, while on repeat testing 
multiple choice tests were used. Later in the programme, the learner was 
required to take readings from instrument views on the screen. These were 
entered in a 'Work Book', and checked by the computer at a later segment. 
The learner was also requested to carry out calculations, and to check these 
against answers given in the programme.
The CEGB programme was limited in the responses that a trainee 
could make, by the simplified keyboard. The style of the programme 
originally only allowed a choice of route between the two main types of 
Document Procedures. Upon progression through the programme the trainee was 
branched to more complex situations, but the same style of testing was used. 
The final section of the course did allow choice of the order of the blocks, 
but the trainee had to complete these in total before being judged as having 
finished the course. Later it was decided to alter the routing, and allow 
the trainee to control some of the material. This involved menus at the end 
of each block. These permitted the learner the opportunity of repeating the 
material in small sections, as many times as was required.
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3.2.4 To produce flowcharts of the information identified in the other phases of 
the design process.
It was decided that the most useful way of representing all the information 
identified from the previous design stages was in the form of a flowchart. 
The type of flowcharting technique adopted was similar to that used by 
computer programmers. The symbols used were derived from standard computer 
symbols, which were available in the form of templates.





Represents a screen of computer text. The 
numbers at the bottom of the symbol are: 
left corner Block number, and right 
corner Page number.
Represents a video sequence. The scene 
number is the one identified in the 
authoring system. These were used in 
preference to the video frame references.
Represents a computer graphics screen. 
The computer disc file name of the 
graphics is Block 1/4, and a sound 
commentary available on video tape as 
Scene 2.
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Represents a test question. The question 
number is identified, as is its type 
in this case a 'Free-answer 1 format.
Represents a learner branch or choice. In 
this instance allowing the learner a 
choice of options.
Represents a connector to another part of 
the programme. This allows simplification 
when long connecting flow lines are 
required.
The amount o-f written detail entered on the flowchart was kept to a 
minimum, it merely provided a cross reference to the pro-forma sheets of the 
authoring system. These sheets then contained the full screen text, 
commentaries, questions, answers, and all the relevant branching numbers.
Fig 3.4 shows the flowchart for the complete Surveying Programme. 
The complete pro-forma sheets for Block' 2 are contained in Appendix 3. These 
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The design of the CEGB programme proved far more complex. This led 
to several stages of flowcharting, each showing more detail. The first 
charts were direct descendants from the block chart. The text content was 
removed and the main routes were established. These showed the relationship 
between the blocks and the combination of blocks to give a level of 
knowledge. They consisted of simple symbols representing a block of 
information, its 'in 1 and 'out 1 points, learner choice, and programme 
structure, and importantly they began to identify the different personnel 
involved with the Document Procedures.
Fig 3.5 shows the procedure involved in one of the two documents 
covered. Level 1 of the programme describes when a document is issued for a 
task to be completed in one stage. Level 2 involves the change of personnel 
at the end of a working shift when the task is incomplete. These charts were 
not only used to develop more detailed charts, but provided the information 
for continuity (matching personnel to situations and time) necessary in 
writing the detailed shooting schedules.
Each block was then broken down into learning sequences. As the 
detailed flowcharts were being prepared the script writing was also being 
progressed in parallel. Both these operations derived their information from 
the block charts. Fig 3.6 shows the detail of Block C, which covered the 
issue of a Safety Document. The video sequences in the flowchart correspond 
to the scene numbers on the script sheet. This, approach of using the 
flowcharts as a source of information, allowed close liason between members 
of the Design team, and tasks to be split between them without confusion. 
The final script written for Block C is included in Appendix 3. As the 
programme progressed, the structure of each block altered. It soon became 
apparent that a general structure was needed and this is represented in Fig 
3.7. It includes the routing, flagging of variables for learner progress, 








LEVELS 1 & 2
Key to Blocks:
A - General Introduction 
C - Issue (Stage 1) 
E - Starting work 
G - Completion of work (Card Safe) 
I - Discontinuation (Card Safe) 
K - Other W/Parties (Card Safe) 
H - Additional Persons (Pers Ret) 
O - Discontinuation (Pers Ret] 
Q - PFW (ROMPs)
B - Preparation for work
D - Issue (Stage 2 Card Safe)
F --Additional Persons (Card Safe)
H - Cancellation.
J - Resumption (Card Safe)
L - Issue (Stage 2 Pers. Retained)
N - Completion
P - Resumotion (Pers Ret)
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Eventually all the information was presented in an overall 
flowchart shown in Fig 3.8
Each Block is again represented by a rectangle, tests by 
parallelograms, choices and routing points by diamonds. Where a route was 
determined by the computer program, the flag used and its value were 
indicated in or near the symbol. These values of flags proved to be very 
useful when testing and de-bugging the programme at an advanced stage. It 
was possible to gain entry to any point in the programme by setting the 
required values of the flags ?o5, %6, %7, thus alleviating the work and 
tedium of having to repeat large sections of the material. Learncom does not 
provide any way of easily checking sections of the complete programme. The 
points at which the flags were changed also became the exit and entry points 
for the trainees, thus allowing for a trainee to leave a programme at a 
series of convenient points. When re-starting, the trainee was routed back 
to the beginning of the block previously exited from, and presented with a 
'map' showing where he/she had re-entered. The map was followed by the block 
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3.2.5 Prepare a full shooting script.
This was the final step in the design stage, and involved the preparation of 
a full script. It included the narrative, the computer generated text and 
graphics, and the video components. In the case of the Polytechnic project, 
the vast majority of the video material was to be shot under studio 
conditions. This allowed for more control in the preparation, and 
adjustments could be easily made. The detailed scripts were prepared on the 
authoring system pro-formas. Some additional external footage was required 
of items such as Ordnance Survey Bench Marks, use of the staff, and these 
were intended to create an 'atmosphere' of reality to the subject area. Also 
at this stage the graphics screens were designed and the narrative written 
to accompany them. The text screens were laid out, colour combinations of 
text and background tried, size of text, whether lower case or upper case, 
and the content were all decided upon. The shots through the telescope of a 
surveyor's level were also considered at this stage. After several abortive 
attempts at trying to shoot directly through the telescope, it became 
necessary to simulate this using photographs. Colour photographs of the 
levelling staff were taken. The cross hairs of the instrument were then 
created by a thin cotton thread stretched over a card former, and a circle 
superimposed by a special effects generator. The result produced a realistic 
video shot, and both inverted and upright images could easily be created. 
The method also had the advantage of being able to produce unlimited 
'readings' for very little time and effort. A typical video shot is shown in 
Fig 3.9.
The project was fortunate at this stage to procure a volunteer from the 
Polytechnic staff to perform as the actor for the video. He was fully 
familiar with surveying instruments and, as importantly, had experience of 
television work with the BBC. He also helped with scripting and made 
suggestions for camera positions, shots, and presentation.
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Fig 3.9
As stated earlier, in the CEGB project the flowcharting and 
scripting stages actually overlapped. This meant that the scripts were 
almost in their final format as the charts were completed. The major problem 
was of ensuring continuity between the blocks, and this was achieved using 
narrative with computer generated graphics. The method also allowed the 
introduction of a course 'map 1 , which indicated to the trainee his/her 




The questions used for routing and for the tests at the end of each 
block were also developed at this time. A variety of questions on each 
individual block were written by the design team, using multiple-choice and 
yes/no formats. These were also required for the repeat blocks at Level 2. 
They were card indexed, and vetted by the subject specialist for correctness 
of wording and response. Eventually a set for testing each block at each 
level was selected and approved. In total the programme contains 225 unique 
questions in 33 learning blocks.
The final format of a script is shown in 3.11J the leftmost column indicates 
the scene number corresponding to the flowchart. The next column indicates 
the view on screen, and could either represent video footage or computer 
text/graphics. The third column is the narrative, or sound effects, and the 
next column the audio track number upon which it is produced. (The video 
disk allowed two simultaneous tracks). The final column is an approximate 
time (in seconds) for the scene, estimated by reading the narrative at 
approximately three words per second. The complete script, and corresponding 


















The first stage of the Safety Document
issue procedure is the same whether
the document is to be Card-Safe-Retained
or Personally-Retained.
We move foward in time to when a line
foreman acting as a Nominated Supervisor
in the context of the Safety Rules, picks
up the Work Order Cards for the shift.
Question on responsibilities of NS
At the beginning of the shift, the
Nominated Supervisor checks the Work Order









From the scripts and flowcharts the shooting schedules were 
prepared. These were necessary because the story line required changes of 
location, and of personnel involved in the various scenes. They were 
produced for all the major locations, and included all the filming details 
for a location. An example is shown in Fig 3.12. The first column represents 
the shot number, and the second describes the activity to be filmed. The 
next includes the estimated commentary timings from the script, the fourth 
column identifies the scene with both the script and flowcharts. The fifth 
column lists the personnel required for that shot, and the last describes 
the 'props' necessary for the scene.
Samples of the complete shooting schedules for three major locations are 
given in Appendix 3
Fig 3.12
SHOOTING SCHEDULE:
LOCATION - REF. A PLACE: EXTRACTION PUMP 'A 1 STATION BASEMENT
ACTIVITY
NCP + working party at work - NS arrives 
to do spot check
SAP Locking off valve on pump
NCP arrives at pump - identifies details 
on WOC against plant - starts work 
by undoing bolts
Several nuts undone - one marked 
"SEIZED" - Welder with torch 






































This final phase of development can be divided into two 
components:
1) The pre-production stage, where a choice of mastering format is 
made.
2) The production stage, where all the material is generated. 
3.3.1 Pre-production - the choice of mastering format.
Video disc - The choice of mastering format is a crucial one, particularly 
where the video disc is concerned. In this instance the premaster must 
either be a completely edited 16mm or 35mm film, or an edited and frame 
synchronised video tape produced on near broadcast-quality equipment. 
Anything less will usually give visually disappointing results, particularly 
at edit points. For the CEGB project it was decided that the video would be 
produced in Beta-Cam format using a production company. All the "rushes' 
would be checked using portable playback machines at the end of each 
location's filming. The rushes would be transferred to U-matic for the 
offline edit, and the edited draft would be viewed and checked on VMS. The 
final version would be edited on-line to give a 1" master tape for 
processing by Philips.
Video cassette - For tape based systems the choice of mastering format is 
slightly less crucial, but nevertheless important. The main consideration is 
likely to be the number of 'generations' through which the material has to 
pass before it reaches the final delivery format. Generally, the lower the 
number of generations the better the quality of the final version. 'Low 
band' U-matic developed through three machine generations is acceptable for 
most educational and training applications. In terms of facilities costs, it 
is half that of 'High band', and this factor alone influences the final
(94)
decision. The question of quality must also be considered when the final 
version is to be VHS, and the final transfer should be carried out using a 
time base corrector. It was decided that the programme at the Polytechnic 
would be mastered on low band U-matic, and after editing would be second 
generation. The final version would be copied down to VHS.
3.3.2 The Production Phase.
This phase involves the shooting and recording of the video 
elements, recording of sound, generation of the graphics and the integration 
of the visual and audio material. The latter was achieved using the 
authoring systems as outlined in Chapter 2.
As the techniques of shooting video and recording sound do not 
differ from those used for generating traditional video programmes, it is 
intended to concentrate on those aspects peculiar to IV. 
Sequencing the Video.
In IV the video elements can be presented in any desired order (as 
selected by the computer), irrespective of their position on the tape or 
disc. To assemble the video material on the disc in a random sequence 
therefore seems feasible. To do so would certainly result in a useable 
programme, but it would be unlikely to be satisfactory to the user. The 
reason for this is what is known as 'access time'. This is the amount of 
time it takes to search from one given point on the tape or disc to another 
given point. In this respect, disc technology scores significantly over 
tape. For example the Sony disc player has an average search time of 2.5 
seconds, and that includes from one end of the disc to the other. For a 
thirty minute VHS tape played on the National Panasonic NV6200 industrial 
player, the worst case is about 30 seconds. The pre-roll time of 
approximately 4 seconds would then have to be added to this, irrespective of 
the actual search time.
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For determining the most efficient sequence of elements, the flowchart is 
particularly useful. By referring to optimum pathways through the material, 
the geography of the tape or disc can be organised. This is less critical in 
the case of a disc, and it sometimes proves convenient to group still frames 
at the beginning or end of the disc. However, if a series of pictures or 
diagrams are to be stepped through without, an appreciable access time 
(Surrogate Walks on BBC Domesday videodisc) they must be placed at exactly 
the points needed. Sometimes long access times can be disguised by text 
screens for the learner to read whilst the player is searching. In any 
event, if slow access times do occur, the text screen should indicate to the 
learner that he/she has not been forgotten. The IVL authoring system 
produces the message "Busy searching 1 automatically when looking for a new 
video segment. The CEGB disc access times were minimised by arranging the 
material in suitable pathways, and the 'map' of the contents of the disc is 
shown in Appendix 3. The second audio track material was also organised to 
be adjacent to or parallel to the other material relevant to that block. 
This ensured that the additional audio for Block C was placed in the same 
position on the disc as all the other material for Block C.
For disc preparation the editing of the master tape is far more 
complex than for a videotape. This is largely due to the fact, that with IV 
the facility of using 'still frame" may be desirable. In order to get still 
frames which are steady on the screen, it is necessary to eliminate the 
problem of 'inter field flicker', i.e. a field of one frame being viewed 
simultaneously with a field from another. The method adopted to ensure that, 
correct field relationships are established is to use a sophisticated piece 
of equipment called a 'field correlator'. These units are available from the 
disc mastering agencies. The problem with their use is that the submitted 
master has to be played back through the field correlator and re-recorded on 
1" C format. Inevitably, a small amount of picture degradation will occur 
because of this.
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Mastering of the video disc.
The process for mastering a Laser disc varies slightly from one 
manufacturer to another, but the basic elements are similar. During editing, 
the master video tape is time-coded, and the frame numbers are inserted in 
the vertical blanking interval between frames. The material is carefully 
checked for quality and placed in a secure environment. A layer of 
photoresist to a specific depth is used to cover a high quality polished 
ground glass plate. Once cured this layer is exposed to a laser beam 
modulated by the (analogue) video signal from the master tape, which 
produces the 'pitted' (digital) pattern characteristic of the optical disc. 
A nickel stamper is then produced from the glass original. The stamper is 
used to produce the disc replicas by a process of thermoplastic injection 
moulding. The resulting plastic disc is covered with a layer of reflective 
aluminium followed by a protective clear plastic coating. Two sides may be 
bonded together to give a double sided disc. Some manufacturers are now 
offering various check masters. The shelf life of the glass original and 
stamper is normally quoted as 12 - 18 months. After this to produce more 
discs the whole process has to be repeated. After two years of use the 
prototype disc used by the Design team is showing signs of physical 
breakdown. This seems to be occurring from the outside edge, and seems due 
to the ingress of moisture and/or oxygen between the sandwiched layers. The 
aluminium has discoloured, and certain parts of the disc are now unplayable, 
with other parts showing picture degradation. (This is probably a rare 
occurrence). 
3,4 Implementation.
This phase commenced after the initial IV programmes had been 
produced. The process was that of a pilot scheme to check on the content and 
routing of the programme. It was hoped the process would highlight problem 
areas before subjecting the material to larger scale use.
Both pilot schemes were implemented with a small random sample of
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users. Some with previous subject knowledge and some without any were used. 
The results were recorded by the authoring systems and used in an initial 
evaluation for revision to the material.
A description of the results and the revisions and alterations are 
described in the next chapter.
3.5 Summary.
In this chapter the author has attempted to describe a process of 
Instructional Design applicable to IV. The process has been derived from a 
'systems approach 1 to learning, and has tried to incorporate the models of 
learning established in Chapter 1. No attempt has been made to present an 
all encompassing methodology. Rather it has been intended to show the 
development of an approach begun on the tape programme and finalised on the 
disc project.
Both approaches satisfied the need for design, and were appropriate 
to their own requirements. The eventual system used on the CEGB project 
proved invaluable at all stages, and became essential where a team of 
designers and subject specialists were concerned. It would be interesting to 
apply this approach to the design of a more inquisitional, resource based 
programme, where the routing and branching would be far more complex, and 
more learner controlled.
(98)
CHAPTER 4. Evaluation and Testing.
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4.0 Evaluation of Initial or Pilot Testing.
The evaluation of educational or instructional providing technology 
is not a simple task. Interactive Video now presents a complex system where 
it becomes even more difficult to separate the learning process from the 
technology used to implement it. Evaluation can be an inexact science which 
deals in subjectivity, people's reactions and value judgements. One of the 
most demanding aspects of evaluation is to determine the variables capable 
of measurement, and those which could influence the outcome, but may not be 
accurately measured.
It is intended to outline the testing and evaluation of the pilot 
schemes on both the Polytechnic and CEGB projects. This has led to 
modifications of the programmes, and a method of implementing a total IV 
scheme.
4.01 Evaluation of the Polytechnic Pilot.
The primary objective of the pilot scheme was to investigate the 
reliability of the hardware and software for the "Levelling 1 programme. The 
learners were chosen at random and consisted of teaching staff, students 
studying Surveying, and non-subject specialists, totalling 20 in number. 
They were asked to complete the package on their own, and at their own pace. 
During this time the author was available for consultation. This also 
disguised the observation of the learner by the author. After completing the 
package a short interview was carried out. This was to identify the 
difficulties experienced by the learner, and also to gain a first-hand 
impression of the system.
Of the 20 who completed the package 19 expressed satisfaction with 
the method, the one who was the exception being a non-specialist who seemed 
to have great difficulties with the first block of definitions and test 
questions. Several students enquired if there was more IV material for their
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studies. A note was made of the few discrepancies in the video material. 
These mainly consisted of technical terms used on the audio track. When 
questioned on IV being the only method of learning the material, all 12 
surveying students requested backup text to take away for reference 
purposes. The five non-subject specialist students also expressed a need for 
text material for reference at a later date.
Upon analysis of the management records there did seem to be some 
problem areas with the test questions. These were concentrated around the 
post-test on the first block covering definitions. The subject specialist 
lecturer was consulted, and it was agreed to re-consider this block. 
Generally less than 40?o of the learners actually succeeded on their first 
attempt at this test.
The hardware was reliable throughout the pilot. Initially some 
problems were experienced with corruption of the floppy discs for the 
programme. This was eventually identified as magnetic interference between 
the computer and floppy disc drive, as the drive had been mounted directly 
on the case of the computer. When the drive was removed to the desk at the 
side of the computer the problem no longer occurred.
It also became evident that, if the workstations were to be used 
without supervision, an instruction booklet covering the 'logging-on' to the 
system would be required.
During the early stages of the project it was suggested that the 
validation process should include the formation of experimental groups, who 
could be subjected to the IV package, and a comparison made with control 
groups of students following the normal method of study. This would involve 
the testing of both groups for personality, and some measure of academic 
level. The tests chosen were the Eysenck Personality Inventory (EPI) and the 
AH5 High Grade Intelligence tests. These were given to a group of 
approximately 40 Civil Engineering students on their first year of a degree
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course. These students were also chosen to test the package on the 
evaluation exercise that was to follow the pilot testing. The first of the 
two tests required about 35 minutes to complete, and the second 
approximately 75 minutes. 
Outcomes of the Initial Evaluation.
It was evident from the early stages of the pilot study that the 
learning materials were being successful, and the students enjoyed the IV 
method of study. One of the major problems was that of noise in the area 
where the equipment was situated. This consisted not just of the sound 
tracks from the video tape, but also noises generated by the computer system 
and intended to draw attention to the learner's successful or unsuccessful 
response to the test questions. It was decided to provide each workstation 
with headphones when in use with individual students. When two students 
occupied a workstation and headphones could not be used then the volume had 
to be reduced to a minimum in order not to interfere with other students in 
the room. The problem of the computer generated sounds was solved by a 
hardware adaptation: the internal speakers were simply unplugged.
The next problem to be considered was that of the first block 
containing the definitions. On further investigation of the management 
records produced by IVL, it became obvious that the major obstruction to the 
learner's progress was the strict pattern matching that the author had 
imposed on the system, which only accepted completely accurate spelling. A 
typical example of a 'correct' answer being rejected was the mis-spelling of 
the word HORIZONTAL as HORISONTAL. It was decided that the important thing 
was to test basic understanding, not the correctness of spelling. The 
programme was altered to allow for a certain amount of latitude in this 
area. The 'key' match for the above example was changed to 'HORI' and 
'HORI***TAL', where * would accept any letter. The problem of exact matching 
also appeared in the question of whether full words or recognised 
abbreviations would be acceptable as a response. It was decided to accept
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both and the test questions were adjusted to suit. An example being 
'TEMPORARY BENCH MARK', here the pattern matching became 'TEMP***** BENCH 
MARK', 'TBM 1 , or 'T.B.M'. IVL did not recognise 'numbers' as input and read 
them as 'string variables'. This proved to be a severe drawback in a 
technical area such as the Surveying Programme. When numerical input was to 
be assessed the pattern matching method had to be adopted. When a reading 
from the staff or result of a calculation was to be entered into the 
computer, the matching patterns had to be carefully considered. An example 




If IVL had a numerical input and processing facility, it would have 
simplified the programme design, and allowed more complex exercises for the 
learners.
It was at this time that the alterations to the audio sequences 
were made. Fortunately these were minor and were simply re-recorded and 
'insert' edited onto the master tape.
The 'logging-on' instructions and the workbooks for the projects 
(see appendix 3) were also prepared. The graphics for the support material 
were produced directly from the Bitstik sofware, and the text based on the 
definitions and summaries included in the main programme.
The final aspect of the evaluation concerned the comparison of IV 
with conventional teaching methods for the subject area. The two 
alternatives that seemed to be applicable to the situation were: 
1) The formation of groups. Then using a control group taught by a 
conventional classroom lecture, and comparing that group with a 
group using IV as the means of learning. This would involve 
selecting both groups, and testing them so as to eliminate
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errors due to academic levels and personality factors. The 
tests used in the pilot scheme indicated that a great deal of 
time would be necessary to carry out the tests in comparison to 
the actual learning time using IV. A further factor to be 
considered was that the section of the syllabus covered by the 
IV programme was small, leaving little time to observe the 
students actually working. Each student would take 
approximately 45 minutes on the IV programme, but 120 minutes 
on the tests.
2) The second alternative was not to select particular groups by 
testing, but to take a random group. Obviously these students 
would all be covering the Levelling course as part of their 
studies. The students would then be observed in detail, and 
questioned as to their attitudes to the system. Their actual 
performance on the programme would be automatically registered 
by the computer system. This also allowed the author the 
opportunity to study groups of students at his own college, 
where the groups were generally quite small (up to 12 compared 
to up to 60 at the Polytechnic). This also had the advantage 
that they could be studied over a two year period as they 
progressed through their course. It was felt that this 
'illuminative approach' would be more applicable to the project 
as it evolved.
It was at this stage that it was decided to put as many students
through the programme as was physically possible and finally test the
system. This is covered in 4.1.1 
4.02 Evaluation of the CEGB Pilot.
Again the primary objective for the pilot scheme was to investigate
the reliability of both the hardware and the software for the programme. The
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training staff at Aberthaw were responsible for the selection of the 
trainees and testing of the programme. Again, approximately 20 trainees were 
involved in assessing the system. They were instructed by the trainer on the 
operation of the equipment, and allowed to work through the package; 
sometimes on their own, and sometimes observed by the trainer. The process 
took about 3 months, and during this time minor errors in programming were 
identified and corrected as they occurred. These included rectifying 
incorrect spelling on text screens, altering the start and endpoints of 
video scenes, lowering the video levels at the end of the scenes to 
highlight instructional text, adjusting audio levels between tracks, and 
minor routing errors due to mis-typed numbers. At the end of the pilot 
scheme several points were identified as having to be resolved before the IV 
programme could be implemented on a larger scale. These were: 
1) The hardware had proved reliable during the test. The system 
had met the requirement of being initialised and ready to run 
simply by switching on the unit at the mains. The problem was 
now to make the workstation mobile and tamperproof for use at 
the workplace, that is in the workshops. It was at this time 
that the Sony front loading videodisc player was substituted 
for the Philips top loader. This simplified the design of the 
workstation case, as everything was now accessible from the 
front of the unit. The casing was built in two units, one being 
the desk for the monitor and keyboard, the second a cupboard 
containing the computer, videodisc player and printer. The 
monitor was modified so that only the volume control was 
available for adjustment by the trainee, all other controls 
being blanked off. It was also at this time that the decision 
to replace the computer keyboard with the keypad was made (see 
Chapter 2'). Although no problems with interference on the
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electricity mains was experienced at the training centre, for 
plant use a simple mains filter unit was added to the 
workstation. Eventually, the CEGB decided to purchase 5 
workstations in order to complete the training programme, which 
involved approximately 600 of their own staff and 200 of their 
sub-contractors staff.
2) There were several problems in the routing of a trainee through 
the programme, and some improvements were necessary. 
The first problem was easily dealt with. Initially the learners 
were able to enter and leave the programme at will, although 
there was some structure to the routing which was transparent 
to the user. This meant they could in fact be studying both 
'card safe' and 'personally retained 1 document procedures and 
did not need to complete one procedure before finishing the 
route on the other. This led to confusion and was dealt with by 
'flagging' the learner, and not allowing the progression onto 
the other document procedure until the first was completed. The 
learner still had a choice of the order in which the procedures 
were to be learnt.
The second problem concerned the routing of the learner when 
the responses were incorrect. The programme in its original 
format forced the learner back to the beginning of a block if 
any of the block test questions were incorrectly answered. The 
staff involved in the pilot scheme found this most frustrating, 
and felt it to be de-motivating. The question of repeating the 
whole block was resolved by the introduction of a 'menu' system 
at the end of each block prior to taking the test. This allowed 
the trainee to decide whether he/she was ready for the test, 
or needed to look at some of the material again. This fitted a
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model presented in Chapter 1. If the test question responses 
were subsequently incorrect the trainee was then re-routed back 
to the menu, allowing any desired section(s) of the material to 
be viewed repeatedly until the trainee felt ready to repeat the 
test again. It was felt that this degree of decision making by 
the trainee allowed learning to take place more effectively 
than if the computer made the decisions. Continued incorrect 
responses also caused a problem as the trainee would become 
trapped in a loop with no method of escaping. This was normally 
resolved (but, illegally) by the trainee simply switching off 
the unit at the mains! This caused havoc with the 
record-keeping, as it left files 'open' within the computer, 
and destroyed what records were available. It also prevented 
the user from being 'recognised 1 when trying to log-on to the 
system at a later date. The problem was overcome by introducing 
a loop in the test/menu route. This contained a 'counter', (the 
variable ?olO in the SAM, authoring system), which was set to 
escape from the programme after the trainee had incorrectly 
answered a particular set of test questions for the third time 
and instructed them to see a tutor to sort out the problem. The 
trainee also had the option to 'escape' from the programme at 
the end of a test whether sucessful or not, these being judged 
as suitable exit points. SAM allowed the trainees to 'escape' 
at any time and re-routed them back to the exact point of exit. 
This was found to be confusing to the trainee, as no recap was 
possible. The programme was now altered to make the re-entry 
point the menu at the end of the block, thus allowing the 
trainees the opportunity of revision. It also made sure they 
were re-tested on the last block before continuing on to new
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material.
Finally, before implementation of the scheme, a process for 
validation of the learning method was decided upon. The system would give 
detailed results of the trainee's progress through the programme. These 
results would show the effectiveness of the IV material, but would show 
nothing of how the medium was being accepted by the trainees. To accomplish 
this a questionnaire was devised, which would be completed by a selection of 
the personnel using the system. The questionnaire is shown in Appendix 4. In 
addition, the training staff responsible for implementing the scheme were 
interviewed on a regular basis during the main training period. This is 
described in 4.1.2.
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4.1 Validation of IV as a method of Learning.
The validation of any method of learning is a complex task. It can 
be attempted by trying to compare and measure the efficiency of a new method 
with that of of a traditional one. Statistics can be used to illustrate the 
results and find correlations with factors of 'intelligence 1 and personality 
factors. 
4.1.1 The Polytechnic Project.
During the Polytechnic project an attempt was made to test students 
for academic levels (AH5) and for personality (Eysenck EPI): see Appendix 4 
for examples. It was found that these introduced extra identified variables 
into the equation of learning, and perhaps others which were not so readily 
identified. 
AH5 Tests.
These tests were tried on a wide band of students who studied 
Levelling as part of their syllabus. The test was split into two distinct 
parts (see Appendix 4). The first was a test using questions based on 
literacy and numeracy. The group of students likely to be found on the 
Polytechnic courses were of mixed cultural and ethnic backgrounds. Although 
most groups fared reasonably well on the numeracy questions, overseas 
students did not perform well on the literacy questions. This cast doubts on 
its validity for the project. The second part of the test was in the form of 
graphical questions. The recommendations here suggested that if the testee 
had any formal training in graphical communications then the test scores 
would need adjustment. Again the wide diversity of the backgrounds of the 
students caused concern regarding the validity of the testing process. It 
was observed that with the small sets of data available the main difference 
between the performance of students with high and low scores was reflected 
in the time taken to finish the package. This showed itself not only in the 
number of repeat sequences, but also in the time taken to complete some of
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the calculation exercises required by the package. These results matched 
those discovered in projects involving Computer Assisted Learning packages 
(40). The system also seemed to favour the medium to slow learner with its 
everlasting patience in repeating sequences. A more detailed study of the 
students' attitudes to the system regarding this would be worthy of further 
investigation. 
EPI Tests.
The personality factors considered for the purpose of this study 
were extraversion and neuroticism, these being assessed using the standard 
Eysenck Personality Inventory. Consistent evidence exists that for young 
children up to the age of about eleven years there is a positive correlation 
between extraversion score and academic attainment (41,42,43). However, for 
the university student this relationship is negative (44,45). It seems 
reasonable to explain this in terms of the different learning situations 
involved. In the young child, the learning environment is likely to be a 
social situation which would appear to favour the extravert, while private 
study forms the most important learning activity for the university student. 
It also appears from Eysenckian norms that extraversion normally peaks at 
about thirteen to fourteen years of age. It would have been expected to have 
found negative correlation between extraversion and performance on the IV 
study. Unfortunately the group tested was so small that no figures could be 
accurately interpreted. The use of IV in the learning process can certainly 
be influenced by personality. The learner can identify much more directly 
with the presenter who appears on the video material than with written text 
or graphics on CAL. The added complexities and lack of finite measuring 
techniques made any judgements invalid, and the use of personality tests was 
abandoned at this stage. It is obvious that a further more intensive study 
would be required to investigate the interaction between personality and IV 
methods. This should take into account the way in which an introvert may
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feel less threatened by video than by a real situation. It is also felt that 
the extravert may feel that the video material in the style of IV does 
present the attention demanded by this personality type. 
Validation of the Final IV Programme.
Eventually it seemed the only way to validate the IV programme on 
Using the Surveyor's Level was to subject a group to the material and 
observe their progress through the learning process. To maintain control 
over, and observe completely users of the system, it was felt the work 
should be done back at the author's own college.
An early experiment with a group of students had been successful. 
This had consisted of dividing a group of students into pairs, the pairing 
being decided by the student group themselves. Each pair was taken and the 
IV system explained to them. Once they had been instructed on how to load up 
the machine they were left on their own until they had completed the 
package. The pair was then presented with a Level instrument similar to one 
shown in the video material. The students were instructed to 'set up' the 
instrument and to determine the difference in height between two points. 
Each of the six groups completed the exercise successfully without any 
further instruction than that given by the IV package. The only difference 
in performance had been the time taken to go through the package, and it 
seemed those who were slowest on the IV material tended to be the slowest 
carrying out the practical exercise.
It was decided to extend this process over a longer period of time. 
The students on the courses only studied the subject area for about six 
weeks each year. They were also called upon to use the surveying equipment 
in their second year of study. Thus approximately six months would divide 
the initial learning and a second exercise with the instruments. The whole 
cycle was repeated twice, thus allowing two student groups to be subjected 
to the observation process.
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The experiment described above was carried out with a first group 
of students (14 in number) and proved as sucessful as the trial group. The 
time taken to work through the package varyied from 50 to 75 minutes. It 
also became apparent from the observations that an interesting model was 
being demonstrated regarding a pair of students working with the IV package. 
The purpose of the IV was to be a focus of the two-way flow of information 
between the learner and the learning environment. It was able to provide 
information, guidance, and feedback between the learner and his/her learning 
environment. In the experiment the students worked in pairs, and by being 
able to discuss their progress and learn from one another as well as the 
package, it was observed that such interaction increased the efficiency of 
the IV involvement. The results reinforced those of Grubb (46) who suggested 
the two models of learning shown in Figs 4.1 and 4.2.
Fig 4.1




























During the following year a second group of students (12 in number) 
used the package with similar results (see Appendix 4). By this time the 
first group had reached the stage where they again had to use the surveying 
instruments. This first group successfully carried out the setting up 
proceedures of the various types of levels without any revision or 
prompting, but required some assistance with the calculations and booking of 
the results. The group's reaction to a formal class session for revision was 
that of requesting to use the IV package. This was possible by using the 
entry menu and skipping to the fifth block on the calculations section. 
Noticeably they avoided the glossary and were content with being guided 
through the entire block. At all times the group's attitude to the IV 
package was positive, and as at the Polytechnic, several requests were made 
for similar IV material in other subject areas.
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When the second group came through to their final year, another 
group was combined with it. This other group had in fact studied the 
Levelling topic by conventional means with another lecturer. Although 
monitoring of the two groups had not been previously carried out, it was 
decided to try and compare the performance of the two groups under similar 
conditions in their second year Levelling exercise. During observation of 
the setting up procedures, the IV group completed the exercise before the 
conventionally taught one, but both groups still needed revision work with 
the calculations and bookings. The IV group behaved in the same way as the 
previous one in that they went to the fifth block and proceeded to study all 
the material in that block. The conventionally taught group, though, were 
far more insistent on starting the package at the beginning and studying all 
the way through. This presented no additional resource needs in the way of 
staffing and only a small amount of student time, these being primary 
advantages of any CAL package. The two groups were interrogated regarding 
the IV package and responded by commenting that it was easier to remember 
the setting up procedures after seeing a video of the process. They also 
commented on the lack of practice given on the calculations. This was 
limited by the hardware/software combination and the lack of a still frame 
facility on video tape. If the package was to be transcribed to videodisc, 
the use of still frames and the random function in SAM authoring system 
would extend the usefulness of the package considerably. Also with SAM the 
exercises could be further extended by the arithmetic functions available 
within the programme.
The hardware proved reliable through the testing period, only 
requiring routine maintenance, that is cleaning of heads on the video and 
floppy disc units. Towards the second year, however, the VMS tapes were 
discarded and new copies made from the master U-matic videotape, because by 
then the system seemed to be having difficulty in finding some segments of
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video. The reason could have been tape stretch, as the tape is continuously 
being rewound and stopped in its operation. The other reason could have been 
the degradation of the audio track containing the code for finding the video 
sequences. It was not determined which caused the problem, and it was deemed 
unimportant since the package was only used on a small scale, where copying 
costs were small. This would have to be investigated in more detail if large 
scale production was to be considered. Further investigation showed that the 
expected life of a pre-recorded video tape should be about five years, but 
in most practical instances this was reduced to three years.
During the course of the project the system was subjected to open 
criticism by subject specialists. This was achieved by presenting a lecture 
and demonstration at the National Conference of Surveying Teachers at 
Bircham Newton in December 1984. The system was generally received with 
enthusiasm, but doubts were expressed about the cost benefits. A few did not 
grasp the concept of interactivity, and commented that the same results 
could be achieved by switching the video off at the relevant point and 
asking students questions. When enquiries were made of the size of student 
groups, the answers were usually in excess of 40. When considering these 
circumstances, their doubts regarding cost benefits were difficult to 
comprehend, as the time taken to question in excess of 40 individual 
students on every item would give excessive times in normal lectures.
The second exposure to subject groups came with the presentation of 
a paper (see appendix 4) to the South Wales Branch of the Royal Institution 
of Chartered Surveyors during February 1985. This again took the form of a 
lecture followed by demonstrations. As this took place at the Polytechnic 
all the workstations were available for demonstration. Most members in fact 
insisted on working through all the package themselves rather than having it 
demonstrated to them.
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4.1.2 The CEGB Project at Aberthaw Power Station.
The validation of the scheme at Aberthaw was largely dependent on 
CEGB requirements. The Safety Document Procedures comprised an important 
daily routine for most of the employees at the power station. The employees 
had previously been trained by a conventional method. The supervisory staff 
received formal training by attending a course run at a national centre, and 
this was passed down by the 'cascade method 1 . During safety audits this was 
found to be unsatisfactory, and accidents were still occurring through 
misunderstanding of the set procedures. Many of the operatives needed to be 
trained and declared 'competent' in order to handle the Safety Documents. 
Besides the dangerous risks to others, their wage earning potential would be 
affected if they were judged not to be competent. The CEGB carried out a 
survey to establish some of the problem areas with their existing training 
and concluded the following regarding the Safety Document Procedures:
1) the Procedures were alien to the normal craft operative 
abilities, and consisted mainly of manual skills
2) the Procedures were regarded as boring
3) the complexity and mundaneness of the Procedures proved
demotivating.
From these findings the CEGB decided that any training method would have to 
satisfy the following criteria if it was to be judged successful:
1) it must be interesting to all levels of staff
2) it must be participative
3) it must be able to directly assist in assessing competence
4) it should be capable of volume and individual applications
5) it must be consistent in presentation and assessment
6) it must be able to provide management information upon which 
quality decisions could be made.
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Any validation of the programme would have to consider these requirements in 
judging its effectiveness. Some of the criteria could be assessed from the 
results produced by the package, whilst others required information provided 
outside the package. It was hoped that the questionnaire designed at the 
evaluation stage would provide some indication of the staff attitudes to 
both the package and to IV as a training method.
The questionnaire was presented to approximately 40 of the first 
100 trainees put through the course. It was possible to identify the trainee 
with both the questionnaire and the test results from the package, although 
for industrial relations reasons the trainee was unaware of the connection. 
The full results of the questionnaires are contained in Appendix 4.
The first question regarding the number of sessions for completion 
showed that many of the trainees had in fact sat at the workstation for 
approximately 3.5 to 4 hours. This was reflected in their answers to the 
length of the training period as being too long. Although this time may seem 
excessive, it must be stated that the trainee was at liberty to leave the 
workstation at intervals to take refreshment, etc. One must also take into 
account that the conventional training sessions would last a working day of 
eight hours. Generally the responses regarding interest and quality of the 
content were favourable. The answers to the questions regarding testing also 
showed no adverse comment, which suggests that the trainees participated in 
the course and regarded the testing as a composite part of the learning 
process. The question regarding the use of video in training sessions caused 
some puzzlement (Question 14), as the CEGB use many videos and films in 
their conventional schemes. On further investigation of the trainees, there 
had been some misunderstanding and the question had been read as 'Have you 
used Interactive Video before? 1 . As far as content was concerned, the 
results showed that the staff both accepted the programme as accurate, and 
the method as interesting. They were enthusiastic about IV as a method of
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training, and suggested other areas which they would like treated in this 
way. The question on the increase in knowledge (Question 11) must be 
considered together with that on how familiar they were with the Procedures 
before using the IV package (Question 4). The response that they had learned 
anything should be regarded as positive.
Many responded with comments on the repetitive nature of the 
course. Upon further investigation this proved to be confined to two 
specific areas:
1) If they failed one question in a test, the whole test had to be 
repeated. This could be dealt with in several ways. The first 
would be to send the trainee back to the block menu as soon as 
one question was incorrectly answered. The second would be to 
set a minimum pass score (less than 100?o) which would allow 
progress onto the next block, but as Safety was involved full 
competence must be checked and this solution was disregarded. 
The third solution would be to disregard correct questions on 
re-testing. Although it was felt the final solution would 
present an improved presentation, the CEGB decided not to 
implement any of them.
2) The other case of repetition involved the repeating of the 
material in the same blocks which were presented at different 
levels. The same block could appear several times in different 
routes. This would be boring if just repeated verbatim. This 
fact was considered in the design of the Contractor's version 
of the programme. In this instance the video material was not 
repeated every time, but the audio track was played with 
accompanying computer text and in some circumstances graphics 
to present a summary version.
The results from the computer record system are presented in
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Appendix 4. Twenty Engineering staff and ten Supervisory staff were selected 
at random. The printout from the system provided information on the payroll 
number, the date of training, total time taken, and the response to every 
test question with its correctness. These results could be intepreted to 
show how many times a block had been repeated, and the questions which 
caused the repeat identified. The results presented in Appendix 4 were 
abstracted from the original computer printouts. These originals were always 
kept at Aberthaw because of their confidential nature. The identifying 
numbers of the test, the number of repeats, and the incorrect question 
number were listed. This allowed problem questions or misunderstandings of 
content to be analysed. For example question 114, in test 16, gave problems 
to several trainees, and was shown to be misleading in its wording. However, 
test 13 showed question 89 as causing problems for Supervisory, but not for 
Engineering staff. The question was identified as being more inclined to the 
line management structure, which had led to incorrect interpretation. This 
illustrated a misunderstanding which needed to be corrected in other 
training courses on line management. The times recorded were representative 
of the whole group of 100 trainees, and were regarded as being satisfactory 
by the CEGB. A further 500 CEGB staff have since completed the programme, 
and in addition over 200 contractors' staff have been trained on their 
version. The average time for craft operatives has been about 5.5 hours, but 
some have taken as long as 12 hours (though not in one continuous session!). 
As far as motivation is concerned there was a demand by the staff 
to be included in the training scheme. When one department had completed the 
package others proclaimed their disappointment when discovering it was not 
their turn next. The system proved its capability for mass training by 
completing the training of over 800 personnel over an 18 month period. The 
time taken was a reflection on the availability of staff rather than on any 
restrictions of the equipment.
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When interviewing the training staff several important points were 
brought foward:
1) Training on the package was more effectively carried out at the 
training centre. This was due to the quieter environment, plus 
the training centre was regarded by the operatives as the 
'place to train'. Secondly if anyone had any misgivings about 
the method or equipment there was normally a member of the 
training staff available to act in a supportive role.
2) It was felt that eventually a 'cheat list 1 of answers to 
questions might be produced by the less scrupulous trainees. 
This contingency was dealt with by randomising the order of 
questions presented in some of the tests. Another 'cheat 
method' was to repeat the test four times in order to answer a 
multiple choice question correctly. There was some evidence of 
this happening. The number of times a test was attempted was 
indicated in the printouts from the package. Some trainees had 
not reported to their supervisors as requested by the programme 
after repeating the test three times. They simply logged back 
on and repeated the test a fourth time. The only solution to 
this was vigilance in scrutinising the printouts for each 
trainee.
3) Some unexpected outcomes of the package were the identification 
of an unusual form of colour blindness (yellow/brown - the 
combination of text and background colours initially chosen for 
test question pages). The inability to write and in one case 
the inability to read were also identified. It must be stressed 
that these occurred with contractor's staff who were not 
screened by CEGB entry tests, as were all permanent staff.
4) The IV system cast a wider net over the staff at Aberthaw. It
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was felt that a conventional course of training would be 
regarded as successful if it covered 80?o of the staff. The IV 
package, with its detailed results from the computer, 
highlighted the personnel who had not been through the system. 
By May 1988 only 4?o had not been trained, and these had been 
identified and each allocated a date and time for the 
completion of their training.
5) Industrial relations did not present problems with the 
implementation of the package. Early consultation with the 
trade unions had gained their approval. They considered the 
question of assessment by the package and the final judgement 
of competency by management to be fair. There were no 
objections to the form of assessment, with its lack of a fixed 
time period, and the allowance of repeats. In fact the Unions 
made the statement that they would 'welcome more assessment' by 
this method.
6) Although the training staff structure and personnel had changed 
at Aberthaw during the project, the new staff had (and retain) 
a positive and enthusiastic approach to the IV package.
7) Senior staff at Aberthaw felt the system had achieved the 
objectives set, and are actively encouraging its adoption by 
other power stations within the CEGB.
The package did not set out to directly improve safety standards at 
Aberthaw, but to improve the operatives, proficiency in the handling of the 
documents associated with safety procedures. The final validation of the 
system will not be complete until another Safety Audit is undertaken by CEGB 
and the results after IV training are compared to the previous audit. The 
audit consists of checking random samples of completed sets of documents for 
their correctness. It is not just carried out after an individual accident.
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During the early part of 1989 the staff will begin a revision scheme. This 
will include the material in the original package, and in addition the 
randomised test questions. Again this should provide a large sample of 
results and would provide an interesting area of research in retention of 
the original material. 
4.3 Conclusion.
In this project the author has attempted to detail the processes to 
be considered when producing an effective Interactive Video 
learning/training package. No attempt was made to quantify the comparison 
between traditional method of learning and IV, only to show that if the IV 
material is well designed then it has a far better likelihood of being 
successful as a system of learning. It has been shown that IV does fit into 
existing theories of learning and can achieve a wide range of learning 
experiences. During the process of preparing the packages systems of design 
were produced. These have been shown to be appropriate for both systems of 
presenting IV with video tape and video disc. The design and production of 
an IV programme demands the integration of a number of skills, and the most 
successful efforts are likely to be team enterprises. Authoring can be 
expected to develop best where there is considerable computer programming 
support. With the introduction of more powerful authoring systems it is 
possible, however, to consider the development of basic interactive 
'resource' compilations, which will allow local teachers/trainers to create 
specific teaching programmes.
Over the lifespan of this project there have been tremendous 
changes in hardware - not only in the technology; the costs have also 
reduced considerably. In 1983 the prices quoted for a tape-based authoring 
system were in excess of £12000.00. In 1988 a disc-based authoring system 
can be purchased for less than £4000.00. As knowledge increases on the 
production process, the making of the videodisc becomes less formidable. One
(122)
has to accept that a disc may well contain some visual errors, even with the 
most careful planning, and soon one should be able to overlay substitute 
computer generated, photographic quality, pictures over the video errors. 
The hardware and authoring system, however, should be flexible enough to 
minimise the effect of these in the final programme. The current development 
of totally integrated IV workstations has demonstrated the hardware 
industry's commitment to IV. They are also developing specialist functions 
which will greatly enhance the presentation, such as frame storage, and the 
digital compression of the audio tracks. It only remains to be seen whether 
this will lead to a more general standard for production of the courseware, 
or in fact less compatibility between systems.
Many new courseware packages are becoming available. There is a
fair proportion being imported from the USA, but as yet these seem to be
only available on NTSC format. This again raises the problem of
incompatibility, and at a recent exhibition it was suggested that a
workstation could not be considered complete unless it contained both PAL
and NTSC players!. The National Interactive Video Centre (NIVC) at London
has issued figures which indicate a positive picture of the growth of IV in
the UK. Sales of hardware have doubled between 1985 and 1986, with a total
installed base at the end of 1986 of between 6000 and 7000 units. They
predicted an increase to 13000 during 1987, and estimate the total by 1990
to be in the region of 60000 units. Courseware production figures have also
shown increases. There was a 250% increase in 1986 over 1985, and currently
there are approximately 500 programmes listed in NIVC publications.
Educational applications are developing slowly. NIVC claim ll?o of the IV
market is education, and this takes into account the major initiatives taken
by the Department of Trade and Industry. These include the IV in Schools
project (IVIS) and the Domesday Project, and currently the Further Education
sector has commenced a project to produce 'generic' software. In the
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author's own Local Authority there are currently four Domesday and three 
IVIS systems. September 1988 will see the introduction of IVIS into several 
schools, and an evaluation exercise commenced. There are also preliminary 
plans for a local Domesday project based on life in the 1880/90 period to be 
part of the Local Authority's Centenary celebrations. These developments 
suggest that it has now been accepted that IV is an effective learning 
system. The main problem facing education, as opposed to training, is that 
of whether there are sufficient financial resources to fund the high initial 
costs of installing the hardware. The other major obstacle will be the cost 
of the rapidly changing technology. These are problems which have been faced 
previously with the introduction of computers into schools, and anyone 
trying to make predictions 5 to 10 years ago would probably have been in the 
same position.
As an additional part of the CEGB project a study was made (47) as 
to the introduction of IV as a method of training on a national scale. The 
main conclusion of the report was that IV would be a suitable medium for 
aspects of their training programme, but to be effective it would have to be 
incorporated in an open learning environment. This is the same conclusion 
reached by other large organisations such as Ford and Austin Rover regarding 
their IV training programmes. The final judgement of the effectiveness of 
the CEGB project will be shown when a new Safety Audit is carried out, and a 
comparison of the operators' performances on Safety Document handling, made 
before and after the training programme. It would be interesting to follow 
up the retention rates of trainees when the revision programme is started in 
1989. This would give an even more reliable indication of the effectiveness 
of the system, and would show whether it maintains the motivation indicated 
in the first stage. When this is completed there will be a wealth of 
quantitative data for analysis.
It is felt that the results from this project support the early
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guidance 'given in a GET report by Duke (48) which made the following 
observations:
1) Interactive Video offers unique opportunities to exploit 
electronic technology to support a range of educational and 
instructional tasks. As industry becomes more aware of 
'knowlege based' systems, the commercial prospects of IV are 
worthy of due consideration.
2) Broadcast television alone cannot offer individual control over 
when, where and how the medium is used. Programmes are 
transmitted at fixed schedules, and aim at the average viewer 
as perceived by the producer. These characteristics are largely 
common to other system such as cable networks.
3) Computer-based learning systems can offer a range of individual 
educational experiences, but even now tend to provide 
relatively clumsy visual displays and poor audio, which inhibit 
full acceptance of the technology.
Finally, the unique character of Interactive Video is that it can 
offer all the attributes required of an educational communication system. It 
can encompass a variety of different teaching and learning strategies. It 
can monitor learner performance and adapt to individual needs, and it can 
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APPENDIX 2. Hardware and Authoring Systems.
(2.1)
Student instruction booklet for 'logging on to Apple/VMS system.
(2.2)






This learning package consists of a computer program 
on . a floppy disc, and video material on a standard VHS tape. 
Make sure you have a floppy disc which matches the video tape. 
In certain instances there will be additional material in the 
form of notes and this will be made available to you on 
completion of the course.
Make a note below of the number of the floppy disc you 
are using:
Disc Number
If you have not used the Apple computer previously, 
keyboard familiarity program is available on a separate disc.
RUNNING THE SYSTEM.
DO NOT INSERT DISC OR TAPE YET. 
Switch on the system. Check:
1) Computer is on. (Green light on 
keyboard)
2) TV monitor is on. (Green light on 
panel)
Controls at top set to AUTO and 
INPUT B.
3) Video Tape Unit is on. (Red light on 
front)
Press and hold the CTRL key on the computer (middle left) 
and simultaeneously press the RESET key (top right). Release the 
RESET key and then the CTRL key. The red light on the disc unit 
should now go off.
Make sure the flap on the disc unit is raised and insert 




Press and hold the CTRL and (bottom left) keys, whilst 
holding these press the RESET key (top right) once. Release all 
keys. The red light on the disc unit will now show, and after a 
few moments the screen of the TV will inform you of what is 
happening.
IDENTIFYING KEYS
RETURN SHIFT LOCK CURSOR LEFT
Check that the SHIFT LOCK key is locked in the down 
position, this allows all your entries to be in upper case. If you 
make mistakes in your entries, these can be corrected by moving 
the cursor back over the mistake using the CURSOR LEFT key. Simply 
retype your correct answer.
Enter your name when requested. You will also be 
requested to enter the date in a particular format.
DAY MONTH YEAR
This format requires the entries to be in a TWO digit 
form.
i.e. 1 = 01 6 = 06 11 = 11
Therefore the 1st of January 1984 becomes:
010184
During the video sequences of the course, the video 




1 Resume 2 Skip to end 3 Restart
These options apply to the current video sequence only.
Selecting 2 or 3 will skip to end or restart this video sequence
only. You can decide at what stage you have seen enough of the
video especially when viewing the sequence for the second time.
There are exercises for you to complete on the following
pages,
(2.5) page2
Samples of pro-forma sheets for Segment details on IVL,
(2.6)
Student Choice Block:1 Segment:4
— „_______ — -_ —.____.____...-__._ — __—» — M _. — — — _ _ __ _. __ — ___ _ ̂  .,^ — ̂~_ _.. ̂  ̂  ̂  .. _ _ __-
NOTES:
Segment range 1 - 101 
Block range 1-20 
Options range from 2-5
OPTIONS. BRANCH TO
IStartCourse. 5
2 I n s t r-u m e n t s . 15
3 Reading the Staff. 31
4 Booking the Results. 52
SGlossary. 69
(2.7)
Computer Graphic Block:2 Segment:?
Graphic Title: BLOCK1/2 
Scene Number if with audio: 3 
Next Segment: 8
CONTENT:Datums and Ordnance Datum
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
A DATUM SURFACE is a level surface to which the heights of 
points are refered. In Great Britain the normal datum is Ordnance 
Datum. This is the mean sea level at Newlyn in Cornwall.
The REDUCED LEVEL of any point is the elevation of that point 
above (or below) the datum to which the point is referred. The point 
shown in the diagram is 10 metres higher than Ordnance Datum, and the 
reduced level is 10 metres above Ordnance Datum.
TIME:30 seconds
(2.8)
Video Scene Block:2 Segment:8
Scene Title: BENCH MARKS 
Scene Number: 4 
Next Segment: 9
CONTENT: Maps with BM and shots of OS bench marks.
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
Bench marks are fixed points of pre-determined height. The 
Ordnance Survey have set up bench marks throughout Great Britain. Their 
locations and values may be determined from Ordnance Survey Maps.
The most common type being the Cut and Arrow (or Crow's Foot) 
as shown here.
This type of Bench Mark is also found marked on vertical faces 




Multi Choice Test Block:2 Segment:14
Test Type: Ordinary 
Satisfactory % Score : 80 
Branch if satisfactory : 15 
Branch if unsatisfactory(1): 10 
Branch if unsatisfactory(2 ): 92
Block test relates to: 2
NOTES:
Max number of.questions 1-5 Range of responses 1-5
Segment range 1 - 101 Block range 1-20
Block range 1-20 Hint optional
Correct answer on second attempt scores half marks.
Test types : Ordinary, Pre-post, Pre-only, Post-only
Answer range 1 - 54321
(2.10)
MULTI CHOICE TEST QUESTION 1 OF
QUESTION
The determination of differences in













BEST ANSWER : 3
OTHER ACCEPTABLE ANSWER (1): 2
OTHER ACCEPTABLE ANSWER (2 ) : 0
(2.11)
MULTI CHOICE TEST QUESTION 2 OF 5
QUESTION
A surface everywhere at right angles












BEST ANSWER : 3
OTHER ACCEPTABLE ANSWER (1): 0
OTHER ACCEPTABLE ANSWER (2) : 0
(2.12)
MULTI CHOICE TEST QUESTION 3 OF 5
QUESTION
A level surface to which the heights














BEST ANSWER : 1
OTHER ACCEPTABLE ANSWER (1) : 2
OTHER ACCEPTABLE ANSWER (2) : 0
(2.13)
MULTI CHOICE TEST QUESTION 4 OF 5
QUESTION
A straight line which is tangential














BEST ANSWER : 2
OTHER ACCEPTABLE ANSWER (1): 0
OTHER ACCEPTABLE ANSWER (2): 0
(2.14)
MULTI CHOICE TEST QUESTION 5 OF 5
QUESTION
The elevation of a point abov e











BEST ANSWER : 3
OTHER ACCEPTABLE ANSWER (1): 4
OTHER ACCEPTABLE ANSWER (2): 0
(2.15)
Computer Text Block:3 Segment:23
Heading :SUMMARY OF FEATURES.
Display Speed : 255 Scene No if with Audio : . . . 
Centering(Y/N): N Boxing (Y/N) : Y 
Backround Colour: Black Text Colour : White 
Next Segment : 24
NOTES:
Scene number range 1-50 Speed range 1-255
Segment range 1 - 101 Max Regular or Tall Characters 37
Block range 1-20 Max wide or large chartracters 18




5 : Used to sight staff, has
6 : crosshairs to mark line of
7 : sight of instrument.
8 :..:..:..:..:..:..:
9 :2) LEVEL INDICATOR
10 : Normally a spirit bubble which
11 : is centred to show instrument
12 : level.
13 :..:..:..:..:..:..:
14 :3) LEVEL ADJUSTMENT
15 : Main base with three footscrews
16 : known as TRIBRACH, or ball and
17 : socket attachment.
18 :..:..:..:.•:>•:••:
"I Q • • • • • • *-1_.7« • • . • • • • • • • • . • v • . • • .
20 :..:.*:..:•• : ..:..:
(2.16)
Samples of pro-forma sheets for Page details on Learncom's SAM.
(2.17)

























26PRINT"T/R05/01/GW/NH@THERE ARE @GG@THREE@GW@ MAIN BRITISH OWLS?":PROCDELAY
27PRINT"T/HBN":PROCDELAY
30PRINT"T/R10/10/GB/NH@ THE BARN OWL@":PROCDELAY:PRINT"T/HBN":PROCDELAY
35PRINT"T/R12/10/GB/NH@ THE LITTLE OWL@":PROCDELAY:PRINT"T/HBN":PROCDELAY










1010PRINT TAB(10,10)"1. BARN OWL." 
1020PRINT TAB(10,12)"2. LITTLE OWL." 












1220PRINT"T/R01/GR/DH@THE BARN OWL@":PROCDELAY:PRINT"T/HBN":PROCDELAY 





















































































5140IFY=1THEN PRINT"T/R21/13/CG/SB/NH@CORRECT@EB/" ELSE GOT05145




















5210QUEST1$="T/R19/05/CB/NB/CW/SB/NH@WHAT PROPERTY DO THESE0EB/"














































6250PRINT"T/R16/GG/08@uppppppppppppppppp p z@":PROCDELAY 









































8030PRINT"T/R10/06/CY/NB/CR/FL/SB/DH@END OF PROGRAM @E3/":PROCDELAY
8099ENDPROC
(2.24)
APPENDIX 3. Instructional Design.
3.0
Workbook for use vnith Surveying Programme.
3.1
THE POLYTECHNIC OF WALES.
INTERACTIVE VIDEO PROJECT.





Use this page for entering readings from the Levelling 




3) Recheck staff reading 
with booked reading.
1) ................. Staff reading,
2) ................. 1st reading through
telescope.
3) ................. 2nd reading through
telescope.
4) ................. 1st inverted image
reading




























-— — — — — — — — — •— -— — — -— -r ?-5=-5— ==— =
3.4
Additional Learning Materials For Surveying Programme.
3.5
.interactive Video. 060684







Levelling has been defined as the operation of determining 
the differences in height of points on the surface of the earth.
H o r i zon ta 1 1 ine _
.. ••'' ......---i: L e v e1 '• • line
>*'•• 90
Me a n sea 
level ,'
LEVEL LINE is a line of constant height relative to sea level, 
and is therefore a curved line concentric to with the mean 
surface of the earth. At any point this line will be at right 
angles to the direction of gravity.
HORIZONTAL LINE is a straight line which is tangential to a 
point on a level surface and is at right angles to gravity at 
this point only.
DttTUMS AND REDUCED LEVELS
Red u c e d L e v e1 
10.S0 ft.O.D.
D a t u m S u r f a c e.
CD
1JJ'J.Uj|'
M e a n sea la v e1 
0 r d n a n c e d a t- u rn
DATUM SURFACE is a level surface to which the heights of points 
are referred.
REDUCED LEVEL of any point is the elevation of that point above 












in 1e v e1 





A horizontal line is established with an instrument, this 
intersects^staves at A and B. The difference in height between 
the two points is the difference bewtween the two readings. 
NOTE- a negative difference is a FALL 
a postive difference is a RISE
'3 E C T I 0 H Difference in H e i 9 h t
A 21 0.80 
A 0 D
LT< '" ''i
COMMON FEATURES OF LEVELS.
1)TELESCOPE - Used to sight staff, has CROSS HAIRS 
to mark centre of line of sight.
2)LEVEL INDICATOR - Normally a spirit bubble, 
which is centred to indicate the instrument is 
1 level'.
3)ADJUSTMENT FOR 'LEVEL 1 - Main base with THREE 
footscrews, known as TRIBRACH, or in the Quickset 



















































Sum of the Back sights
4.500 - 6.000 
= -1.500
3.000 4.500
Sum of Fore sights = Sum of Rises - Sum of Falls
= Last RL - First RL
3.000 - 4.500 208.500 - 210.000 
= -1.500 = -1.500
3.9
BLOCK 2 of the Surveying Programme.
3.10
Computer Graphic_____________________________Block: 2 Segment: 6
Graphic Title: BLOCK1/4
Scene Number if with audio: 2 
Next Segment: 7
CONTENT:Diagram to differentiate between level and horizontal lines.
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
Levelling has been defined as the operation of determining the 
differences in height of points on the surface of the earth. In order 
to understand how the principle of levelling is applied, it will be 
necessary to define some of the terms used.
A LEVEL LINE (as shown by the blue line) is one of constant 
height relative to sea level and is therefore a curved line concentric 
with the mean surface of the earth. At any point this line will be at 
right angles to the direction of gravity.
A HORIZONTAL LINE (as shown by the red line) is a straight line 
which is tangential to a point on a level surface, and is at right 
angles to gravity at this point only.
TIME: 50 seconds
3.11
Computer Graphic Block:2 Segment:?
Graphic Title: BLOCKl/2 
Scene Number if with audio: 3 
Next Segment: 8
CONTENT:Daturas and Ordnance Datum
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
A DATUM SURFACE is a level surface to which the heights of 
points are refered. In Great Britain the normal datum is Ordnance 
Datum. This is the mean sea level at Newlyn in Cornwall.
The REDUCED LEVEL of any point is the elevation of that point 
above (or below) the datum to which the point is referred. The point 
shown in the diagram is 10 metres higher than Ordnance Datum, and the 
reduced level is 10 metres above Ordnance Datum.
TIME:30 seconds
3.12
Video Scene Block:2 Segment:8
Scene Title: BENCH MARKS
Scene Number: 4 
Next Segment: 9
CONTENT: Maps with BM and shots of OS bench marks.
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
Bench marks are fixed points of pre-determined height. The 
Ordnance Survey have set up bench marks throughout Great Britain. Their 
locations and values may be determined from Ordnance Survey Maps.
The most common type being the Cut and Arrow (or Crow's Foot) 
as shown here.
This type of Bench Mark is also found marked on vertical faces 




Free Answer Test Block:2 Segment:9
Test Type: Ordinary. 
Satisfactory % Score : 80 
Branch if satisfactory : 15 
Branch if unsatisfactory(l): 10 
Branch if unsatisfactory(2): 92
Block test relates to:
NOTES:
Max number of questions 1-5
Segment range 1 - 101
Block range 1-20
Key words variable 1-3
Test types : Ordinary, Pre-post, Pre-only, Post-only
Key words OR Range of answers 
Block range 1-20 
Max wide or large chartracters 18 
Range of answers variable 1-5
3.14
Free Answer Test Question 1 of 5
Question
A surface which is everywhere at 
right angles to the direction of 














Free Answer Test Question 2 of 5
Question
A level surface to which the heights














Free Answer Test, Question 3 of 5
______________________—._.___—.»_-_______ —— — _ — ___ — ___.__«___ — __ —— — ___.—,___._.— — — —
Question
A straight line which is tangential
to a point on a level surface would
b e :
KEYWORDS













Free Answer Test Question 4 of 5
____-_________ — —. — —... _____ ____•»_ «,____.„__ — _ — — — — -,—..— —. — -. — — — — __,______—.-. — ___—— -_ — — .— —
Question
The elevation of a point above a















Free Answer Test• Question 5 of 5
________^__«____ 4.____________w__»________~.______«_____._______.~_~*____ ————____ —— ——•__.—— —— —— «__ —— ____________ ——^-__~————__ —— —— • —— «————— ——
Question
A point of predetermined heights to a














Student Choice Block:2 Segment:10
NOTES:
Segment range 1 - 101 
Block range 1-20 
Options range from 2-5
OPTIONS. BRANCH
1 Horz & Level Lines. 11
2Datums. 12
3BenchMarks. 13
4 Continue Course. 14
5 Finish Course. 92
3.20
Computer Graphic Block:2 Segment:!!
Graphic Title: BLOCKl/4
Scene Number if with audio: 2 
Next Segment: 10
CONTENT:Diagram to differentiate between level and horizontal lines.
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
Levelling has been defined as the operation of determining the 
differences in height of points on the surface of the earth. In order 
to understand how the principle of levelling is applied, it will be 
necessary to define some of the terms used.
A LEVEL LINE (as shown by the blue line) is one of constant 
height relative to sea level and is therefore a curved line concentric 
with the mean surface of the earth. At any point this line will be at 
right angles to the direction of gravity.
A HORIZONTAL LINE (as shown by the red line) is a straight line 
which is tangential to a point on a level surface, and is at right 
angles to gravity at this point only.
TIME: 50 seconds
3.21
Computer Graphic Block:2 Segment:12
Graphic Title: BLOCKl/2 
Scene Number if with audio: 3 
Next Segment: 10
CONTENT:Datums and Ordnance Datum
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
A DATUM SURFACE is a level surface to which the heights of 
points are reffered. In Great Britain the normal datum is Ordnance 
Datum. This is the mean sea level at Newlyn in Cornwall.
The REDUCED LEVEL of any point is the elevation of that point 
above (or below) the datum to which the point is referred. The point 
shown in the diagram is 10 metres higher than Ordnance Datum, and the 
reduced level is 10 metres above Ordnance Datum.
TIME:30 seconds
3.22
Video Scene Block:2 Segment:13
Scene Title: BENCH MARKS
Scene Number: 4 
Next Segment: 10
CONTENT: Maps with BM and shots of OS bench marks.
NOTES:
Scene number range 1-50 
Segment range 1 - 101 
Block range 1-20
SCRIPT.
Bench marks are fixed points of pre-determined height. The 
Ordnance Survey have set up bench marks throughout Great Britain. Their 
locations and values may be determined from Ordnance Survey Maps.
The most common type being the Cut and Arrow (or Crow's Foot) 
as shown here.
This type of Bench Mark is also found marked on vertical faces 




Multi Choice Test Block:2 Segment:14
Test Type: Ordinary 
Satisfactory % Score : 80 
Branch if satisfactory : 15 
Branch if unsatisfactory(l): 10 
Branch if unsatisfactory(2): 92
Block test relates to: 2
NOTES:
Max number of questions 1-5 Range of responses 1-5
Segment range 1 - 101 Block range 1-20
Block range 1-20 Hint optional
Correct answer on second attempt scores half marks.
Test types : Ordinary, Pre-post, Pre-only, Post-only
Answer range 1 - 54321
3.24
MULTI CHOICE TEST QUESTION 1 OF 5
QUESTION
The determination of differences in













BEST ANSWER : 3
OTHER ACCEPTABLE ANSWER (1): 2
OTHER ACCEPTABLE ANSWER (2): 0
3.25
MULTI CHOICE TEST . QUESTION 2 OF 5
QUESTION
A surface everywhere at right angles












BEST ANSWER : 3
OTHER ACCEPTABLE ANSWER (1): 0
OTHER ACCEPTABLE ANSWER (2): 0
3.26
MULTI CHOICE TEST' QUESTION 3 OF 5 
QUESTION
A level surface to which the heights 















BEST ANSWER : 1
OTHER ACCEPTABLE ANSWER (1): 2
OTHER ACCEPTABLE ANSWER (2): 0
3.27
MULTI CHOICE TEST. QUESTION 4 OF 5 
"QtTESTTON
A straight line which is tangential 














BEST ANSWER : 2
OTHER ACCEPTABLE ANSWER (1): 0
OTHER ACCEPTABLE ANSWER (2): 0
3.28
MULTI CHOICE TEST QUESTION 5 OF 5 
QUESTION
The elevation of a point above a 











BEST ANSWER : 3
OTHER ACCEPTABLE ANSWER (1>: 4
OTHER ACCEPTABLE ANSWER (2) : 0
3.29









A - General Introduction 
C - Issue (Stage 1) 
E - Starting work 
G - Completion of work(Card Safe) 
I - Discontinuation (Card Safe) 
K - Other W/Parties (Card Safe) 
M - Additional Persons (Pers Ret) 
0 - Discontinuation (Pers Ret) 
Q - PFW (ROMPs)
B - Preparation for work
D - Issue (Stage 2 Card Safe)
F --Additional Persons (Card Safe)
H - Cancellation.
J - Resumption (Card Safe)
L - Issue (Stage 2 Pers. Retained)
N - Completion
P - Resumption (Pers Ret)






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































\ /Qu. on NS /
u e j —— » —— Vresponsibili ty/ — * ——
. t1
) /Qu. when no/ —— • —— /number on / — •• ——/ WOC /i
t
) /Qu. when no/ —— * —— /number on / — > ——l_^J











Highlight Issue (1) line
2
Planning Office
JS picks up HOCfs)
3




NS goes through HOC,
explaining details
5
NS points out that 




The first stage of the Safety Docuient issue 
procedure is the saie whether the document is 
to be Card-Safe-retained or Personally- 
retained.
Me love forward in tiie to when a line foresan, 
acting as a Noainated Supervisor in the context 
of the Safety Rules, picks up the Hork Order 
Cards (for the shift)
(Cocputer test on responsibilities of NS) 
At the beginning of the shift, the Nominated 
Supervisor checks the Work Order Card, 
and issues it to a Noiinated Competent Person.
The NS explains the nature of the job and the 
Safety Rules and Safety Oocuaent requirecents 
relating to the job.
If the Safety Docuient nuiber is not written 
on the Work Order Card, the NS points this out 
and tells the /CP that he iust get the SAP to 
insert that detail when he goes to see hii.





NCP being sent to 
Remit Office, to SAP
7
NCP and SAP sitting at 
.ask
SAP reads froa PFH, 
NCP checking HOC
Checking details
eCU of Safety Docuient
nuaber on PFW
9
NCP handing HOC to SAP 
SAP writing in nuaber, 
signing and dating HOC
10
BCD of Safety Doc. nuiber 
on HOC






The foreaan noM sends the )/CP, with his HOC, 
to the Senior Authorised Person in the perait 
office, for a face-to-face aeeting, to collect 
the Safety Docuaent and to go over the Safety 
Rules aspects of the job.
The two of thea go carefully over the Safety 
Rules points, the SAP reading froa the prepared 
Safety Docuaent, and the .NCP checking on his 
HOC.
The significant details lust tally (though 
possibly the Hording aight differ slightly). 
In particular, the Safety Docuaent nuiber aust 
be identical!
-fo test an lack of GD nuib
If this nuaber has not yet been written on the 
HOC, the I/CP aust paint this out and the SAP 
aust then insert it, signing and dating the 
entry.
All uncertainties aust be resolved before going 
any further with the procedure. If «»y
i
disagreement over procedures cannot be 
resolved, ibey'aust be referred to the .XtP's






HCP being sent to
Perait Office, to SAP
7
NCP and SAP sitting at 
.ask
SAP reads froi PFW, 
NCP checking HOC
Checking details
BCU of Safety Docuient
nuaber on PFW
NCP handing HOC to SAP
SAP writing in nuiber,
signing and dating HOC
10.
BCD of Safety Doc. nuiber 
on HOC





The foreian noM sends the f/CP, mth his HOC, 
to the Senior Authorised Person in the permt 
office, for a face-to-face leeting, to collect 
the Safety Docuient and to go over the Safety 
Rules aspects of the job.
The two of thei go carefully over the Safety 
Rules points, the SAP reading froi the prepared 
Safety Docuient, and the JiCP checking on his 
HOC.
The significant details iust tally (though 
possibly the wording light differ slightly). 
In particular, the Safety Docuient nuiber iust 
be identical!
If this nuiber has not yet been aritten on the 
HOC, the /CP iust point this out and the SAP 
iust then insert it, signing and dating the 
entry.
All uncertainties fust be resolved before going 
any further «ith the procedure. If <r*y
disagreement over praeejurea cannot be,'r 
resolved, £b«y'iust be referred to the JTCP's






ECU of 'Issue' section of
PFW, partly conplete 
SAP writing 'N/A'
SAP signing and dating I
12
'Map'




Highlight 'Issue (2)' line
Graphic
Graphic
At this stage the SAP now completes the 'issue'
section of the Safety Docuient, inserting 
the Key Safe Key nuiber, and 'N/A' in the other 
sections as there are no extra docuients or 
equipaent being issued/Qle then signs the 
Section, and enters the tine and date,__ 
(CblipuTer aside on 'extra docu«ents' - e.g. 
'Selected Persons Report", which is covered 
by separate training proqraaae.
And that cospletes the first part of the 
'Issue' procedure - ensuring that the correct 
Safety Docuient is issued for the work to be 
done Uould you like to go over it again?)
He can now go on to look at the second r>»-r 
of the 'Issue* procedure...
* NOTE: This close-up shot aust avoid shotting the line in Section 2 refering to transfer 





Sample Location Schedule for CEGB.
3.38
SHOOTING SCHEDULE:
^LOCATION - REP. A PLACE: EXTRACTION PUMP-'A' STATION BASEMENT
ACTIVITY
NCP + working party at work - NS arrives
to do spot check
SAP Locking off valve on pump
NCP arrives at pump - identifies details
on WOC against plant - starts work
by undoing bolts
Several nuts undone - one marked
"SEIZED" - Welder with torch
required to burn nut off
NCP completes work by tightening
bolts - clears away men +
tools - departs job
SAP unlocking valve on pump
NCP at work on dismantled pump -
finishing shift but not job
NCP arriving to resume work after
shift change over (prior to (4))
NCP arrives (as additional






























































LOCATION - REP.' B PLACE: EXTRACTION PUMP MOTOR - 'A' STATION BASEMENT
ACTIVITY
NPC arrives at motor - identifies details 
on WOC against motor - starts work
NPC going to work location 
with' plastic wallet of documents
NPC putting plastic wallet into 
tool bag
Rigger reports to NCP to assist 
with lifting operation on motor
NCP clearing away men + tools 
work completed - departs job
NCP clearing away men & tools, 
leaving cover off (or otherwise 
providing an 'exception') - end 
of shift but not of job
NCP4 going to work, collecting 
mate on way (as shot 1)











M 3 - 5
N 2 - 7
0 3
E 1 (con) 
(PR)

































LOCATION - REF. C PLACE: WORKS OFFICE - 'A 1 STATION
ACTIVITY
General view of office
WOC being printed - torn off 
by scheduling engineer
SDR 'being made out




Scheduling engineer specifying job 
for contractor.
Safety Document Request being made 







































Sample Completed Pro-formas for CEGB.
3.42
Pro-forma sheet for use with Learncom.
Page 401
Mode T 40 Overlaid No







What is locked away in the Key Safe?
1) Safety Documents
2) Work Order Cards
3) Fuses, Safety Keys
4) Declaration Forms 




Correct = 3 ~ 402]
— 404
Wrong = 124 — 403]
3.43













Fade audio(152,l)jaudio 2 offjplay segment(8610,8814,normal); 
waitframe(8730)
Comments
Goes to 10114 
From 10114
3.44
Pro-forma sheet for use with Learncom.
Page 700 
Mode Text 40 
Video Off 













Goes to 10000 returns from 10603
3.45
'Map 1 of the CEGB disc showing times and geographical positions
3.46
CEGB Safety Rules Interactive Video.





B(PR & Con 9-11)
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Below are some examples of the Test. Do them now.
Write your answers on the Answer Sheet. Write the number, not the word.
Some of the examples are already done for you.
Take the questions in any order you like.










Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
12 34 I
Just. Blonde. Light. Only. Unjust. Fair. Brunette.
Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
11 3 4 1
Loud. Hard. Noisy. Brittle. Soft. Difficult. Inaudible.
Write down the number of the word which would come in the middle, if the following words 
were arranged in order according to their meaning.
1 I > 4 it 7
Paragraph. Letter. Book. Sentence. Page. Chapter. Word.
Multiply the second whole number by the third decimal: I, -9, 2, 4, -8, -7, -6, 8, -5
1 1341
Hear is to see as listen is to ... touch, audit, see, feel, look.
Backwards is to reversed as upside-down is to..
I 13 41
forwards, inside-oul, right-side-up, converse, inverted.
Give the next but one member of the series: \, J, \. \, |, }, .....









If there is anything you do not understand, please ask the tester now.
DO NOT TURN OVER UNTIL YOU ARE TOLD TO DO SO
©AHeim 1970
The reproduction of this test by duplicating machine or photocopying process, or in any other way,
whether the reproductions are to be sold or not, is an infringement of the copyright
Published by The NFER-Nelson Publishing Company Ltd., Darville House, 2 Oxford Road East, Windsor, Berks SL4 IDF
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Which one of the five words on the right bears a similar relation to each or the two words on the 
left?
it 11 i
Order. Immediate. Plan. Instruct. Tidiness. Direct. Command.
Write down the number of the word which would come in the middle, if the following words 
were arranged in order of magnitude:
11 J « 5 4 1 1 •
Street. Continent. Room. Country. Universe. Town. County. Planet. House.
Overeating is to stomach-ache as negligence is to .
i t ii
drunkenness, accident, caution, Christmas, laxative.
How many members are omitted in the following series? 
3, 6, 6, 12, 12, 12. ..... 48, 48, 96, 96, 96, 96, 96, 96,
Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
General. Easygoing. Particular. Brigadier. Specific. Universal. Pedantic.
Add the smallest to the largest: 
0-771473, 0-482976, 0-662943, 0-218527, 0-229415, 0-219134, 0-768254.
Mountain is to molehill as valley is to . hollow, chasm, hill, plain, mound.
The third member of this series is omitted. What is it? 0-1, 0-7, ..... 34-3, 240-1.
Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
1 > 3 1 S
Class. Shape. Rank. Grade. Analyse. Size. Form.
Here are five classes. Write down the number of the class which contains two, and two only, of 
the other four classes:
1 1 311
Terriers. Mammals. "Scolties." Dogs. Canines.
It 3 t 5
Sniff is to handkerchief zs shiver is to ... blow, fire, catarrh, burn, sneeze.
How many members of the following series are missing? 
1, 2, 5, 6, 7, 11, 12, ..... 20, 21, 22, 23.
Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
1 1 3 i t
Stream. Tolerate. Brook. Contribute. Bear. Support. Pour.
Working from the left, divide the fourth whole number by the fifth fraction: 
8, 6, ». 3, 9, i, f, I, H, I.
Wood-cutter is to limber merchant as farmer is to ....
1 t 3 < 1
lumberer, goat-herd, forester, greengrocer, labourer.
Give the next but one member of the series: 2-7, 4-79, 6-88, 8-97,
Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
1 t 3 < 5
Accept. Rise. Refuse. Assent. Fall. Ascent. Decline.
Write down the number of the word that would come sixth if the following words were arranged 
in order, with the longest period on the extreme left:
It3 < S « 7 1 •
Week. Year. Hour. Decade. Minute. Day. Century. Second. Month.
1 1141




















GO ON TO NEXT PAGE
3 


















Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
1 1911Stingy. Signify. Insignificant. Matter. Generous. Indicate. Mean.
Write down the largest but one of these fractions: f, 1, H, S. A. *. rs-
Irrelevant is to useless as red herring is to ...
1 > 3 4 tblue stocking, green fingers, white elephant, red tape, purple patch.
Give the next but one member of the series: 1, J, }, -,"„-. }|,
Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
v /- 1 » 3 4 SKeep. Go. Send. Return. Come. Dismiss. Stay.
In the following list, two series are jumbled together. Write down the number of the word, or 
phrase, which would come in the middle of the longer series, if it were arranged in order.
123 < I t ^Unlikely. Never. Frequently. Very probable. Seldom. Certain. Very rarely.
9 9 10 1112 13Impossible. Very often. Even chances. Likely. Always. Very improbable.
1 2 345Where is to upstairs as when is to..... how, underneath, soon, place, time.
In the following series, the fifth member is omitted. What is it? 56, ?5; 20. 10. 1.
Which one of the five words on the right bears a similar relation to each of ihe two words on the 
left?
1 234 SSlight. Lenient. Pronounced. Tender. Severe. Touchy. Slender.
Write down the fourth smallest of the following fractions: J. -,>, ;ji. ij, S, 2, iV
1 2 34 5Repeal is to continue as again is to .... often, encore, still, more, reiterate.
The fourth member of this series is missing. What is it? 0, 3, 15, 255.
Which one of the five words on the right bears a similar relation to each of the two words on the 
left?
1234 5Portion. Separate. Part. Together. Lot. Division. Share.
Mrs. Brown, part time foundry worker, has factory number B209/M. Miss Green, full time 
worker in the tool room, has factory number A5I2/S. Mrs. White, full time foundry worker, 
has factory number B938/M. Which one of the following factory numbers is most likely 
to belong to Miss Grey, a part time worker in the tool room?
A53'l/M, B519/S, A965'/S, B473/S, A530/S, A527/S, B6II/M. B528/S.
1 2 9 4 SSmile is to statement as manner is to..... doubt, matter, frown, morals, word.
































DO NOT WRITE ANYTHINQ ON THIS PAPER.
n n ' 2 3 + , 5
[J IS TO S —— 7 AS \J IS TO \^ / —— y, [ —— | ])Z=^ /~\
^ IS TO ^ AS |[~ IS To JJj [=
ViMJCrtorfEOF THE FoLLOWlMG 
' i 1 1 i i 1 1 • • i.J COMES MEXT ? C
1 
©^""""N /"^^X WHICH ONE OF THE FbLLOtMdQ Sr~r?\ 
t ' _y t Vy COMES NEXT BUT OME ? t *o
Z 3 4-5
3 e -a ^
1 2 3 4. 5
Z 3 4 5
WHICH OHC OF THE FIGURES O4 THE RICHT CAM BE MADE BV JOIMMG THE OofS OfJ TWE LEFT ?
WHICH oisie OF THE FIGURES oi-l Trie RIGHT CAMMQT BE MADE 8V Joit^i^c TME DOTS c*(
THE TWo FIGURES OM THE LEFT HA\/E A FEATURE: IM COMMON. ONE, A>(O orj£ OI^LY, OF TH£ 
RGURES OM THE RIGHT MAS THIS FEATURE. WHICH IS IT ? 
1 Z 3 4-5
is. / — v /\ ,^ A
^^r^ ' -_-/ /^ \ — \ /
THE TWo FIGURES 0* THE LEFT HAVE A FEATURE IM COMMON. OME, ANO ONE ONLY, OF THE 
FIGURES OM THE RICHT LACKS THIS FEATURE. WMlcM IS IT ? 
1 2^45
^ ^ O (
"
DO MOT TURM OVER UNTIL YOU
:> <3 o ^
























DO NOT WRITE ANYTHING ON THIS PAPER
1234-5
12345 
A/7V\ r/T^s/ WHICH OWE OF THE /2S\ \/A\/ /^~X /TT~\ /"ZTX 
© ^f FOLLOW,^ COMES MEXT? (g) W^ (g) (\g) (gj
W»<ICH ode OF THE FIGURES <yv THE RIGHT CAHOOT BE MADE BV JO/HIHG THE DOTS OH "We LEFT ?
1234?
TME TWO FIGURES art THE LEFT HAVE A FEATURE iN CoMMor4. Ot4E,AHC OHE o^LV, OF THE 
FICtiFTES oJTHE RIGHT LACKS THIS FEATURE. WHICH IS IT?
1 234-5
12345
[""I-—, IS To 1 *— ] AS l~] is To ,-Jl J LJ ,- 1 |
WH/CH oHE OF THE 12345 
FOLLOWING COMES fJEXT.? — ' —— ———— — ' — ' —
WHICH orJE OF THE FIGURES OW TWE RIGHT CAM 9E MADE BY JoidisJc THE DOTS ort THE LEFT?
•'.:'•• ^ (^ Q Q <P
THE Tv»fc> F/CfRE5 oj THE LEFT HAVE A FEATURE IfJ CoMMoM. OJE, AK(D ofJE o^LV, oFTVte 
FIGURES OH THE RiqHT HAS THIS FEATURE. WHICH IS IT?
1 2345
\V \±s y ^-^ Vy TJ /\
1 23 4 ?
I 1 ^/ / / / \ A \^IS To I AS / IS To // / \ // yv
£ 1234-5
AS5UMIMC, THE CLOCK oM THE LEFT To BE REFLECTED l»J THE MIRROR A B, WHICH o»Je OF THE 
CU5CK5 Orl THE RIGHT SHOWS THE CoRRECT TIME? 
12345
THE "two ncuRES ort TME LEFT HAVE A FEATURE iH CONMOH. OHE, AHP °>JE ofWf OF TME
F1CWRE5 orj THE RIGHT LACKS THIS FEATURE. WHICH IS IT?
123 4-5































DO KJoT WRITE ANYTHING ON THIS PAPER.
• 12345
[f]~ ISTo [Z^ AS ~Q] ISTb JTJ Q]^ JJj Q]^ JJJ
1 2 3 •«• 5
IL-ft-. "fc-(H "to-n-, Wt<lo< E "^ THE "Bl-fH -ft — , "ft~l. "ftl n . fll . ^^=fl> i&=» ^TT^ wixowifsiG COMES HEXT ? Mfr . ^ — — ̂  ^P "t^-1
WHICH OH£ OF THE FIGURES Or< THE RIGHT CAddOT BE MADE B/ JoiWIMC. THE CX3TS 
Ohl THE LEFT ? 
1 23-4-5
THE Tv*> FIGURES OH THE LEFT HAVE A FEATURE Ift CoMMoiJ. octe, A*P O»IE oJLY, OF THE 
FIGURES OH THE RIGHT KA$ THIS FEATURE. WHICK IS IT? 
1 Z 3 4- 5
^> ^ ^^ O ^\7 ^
V^-^ v
123*5
UN. IS to p-^J A3 i>j IS TO J<| |>| •>) j^^ <j
123*5
D WHICH 0>4E OF THE i —— i —— i . , ^~> / — "71 . FoLLOWlHG COMES tJEXT? I I I . . \^J [ [j | __
THE nCURE OM THE LEFT IS THE REFLECTION IN THE MlR(?oR A. 6 , OF A CLoCV WMiCM IS 25MiWi/T6S 
SLOW. WHiCM O^E OF THE CLOCKS OH THE RIGHT SHOWS THE REAL TIME? 
2345
THE Two RGURES ocj THE LEFT HAVE A FEATURE IfJ CoMMOsl. OIE, AMD Oslf oHuV, OF ThlE 
RGURES Ofvl THE RIGHT HAS THIS FEATURE. WiJicH IS IT?
12 345
^7 o Q V D O 0
1 2 S 4 5 
V IS TO >^S\ AS r-^V IS To L-^A A^J \M /^ V^n\^/ ^ II \) y | | [/ | _ _j
i 2 3 4 S 
/ — \ f^l r7 """^ Oft£ t* ™E P^-i r- — 1 | —— I I —— • (-"""I
VAIICH O.JE OF THE FIGURES oW THE RIGHT CAH BE MADE BY JoH.^c THE OoT5 O.ITME LEFT ? 
1 2 3 4 5
THE TWe FICOBE5 oiJ TWE LEFT HAVE A FEATURE liJ CDMMO»4. OfJc, Ado OfJC OfJLV, OF THE 
FIGURES OM THE RIGHT LACKS THIS FEATURE. WHicH iSlT?





























DO NOT WRITE AMYTHlNC OH THIS PAPER.
12345
12345 
/sT'TX xT^iX xf7r>\ WHICH otfE OF T^E RjLLowidc; xfir>, /C^X X^X X""5^ /CTX 
(«-,/! j r".tr^ (k JL ~H COMES NEXT BUT OME ? LT^ J rS<t.~) ("Jt ") r*^* *7 [*•->*. •")
WHICH o^E OF THB FIGURES Ort THE RlCHT CAKMoT 6K MAPS' B/Joi^iNlQ THE DOTS O*l 
THE LEFT ? 
1 2345
THE T»v<0 FIGURES oJ THE LEFT HAvfc A FEATURE irt COMMON. CUE. AMt> (ME OrfLY. OFTHE 
FIGURES ON THE RIGHT HAS THIS FEATURE. WWlCH 1$ IT?
nO o 6 Q 0 /7
, 2 J 4 5
A »» ©" O-» g C O n A
12845'
I 1 .Y WHICH OF TWt FoLLoWifJq J<(, v-v "^ -&, -O- 
T V T ^ES ^EXT? ^ ^ ^ ^ -^
Haw MAHV OF THE LETTERS OH RicHT CAfJ BE CONSTRUCTED USfrtC AMV OR ALL OF THE 
THREE RQURES oH THE LEFT irJ Mi PoJlTlorJ ?
THE Tvvto FIGURES O»4 THE UCFT HAV/C A FEATURE H OOMMOfJ. OriE, AMP ode odLY, OF THS
FIGURES ofj THE RIGHT LACKS THIS FEATURE. WOCH is IT? 
1 1 2 3 •«. 5
<i 0 0 o o O ^
1 2 S A 5 
/ IS T" Q\ M /* IS To \t\ / /^ ^\\ 71.X \
123-45 
0/I"~r~>\ /*~~\ WHICH OfJE or THE FoLLOWiiJc /V~\ X^^X /T^ /'^"'X /*~~>\ 
1 *y V^y COMES NEXT BJT TWO? (> J f-t j LJ i f /^l f*^ 1
THE CLOCK O»J THE LEFT IS A MIRRoR IMAqE OF A CLOCK WHiCH 15 HUHq Uf5IOE-DoWM. IT CAlHS 
FIVE MiHJTES A PAY. A35UMICJC, THAT IT WAS PUT RlQHT EXACTLY THREE OAV ACO, WMIO4 Of 
THE CLOCKS orJ THE RicHT 5HoWS "WE CORRECT TiME ? 
12345
THE TWo FIGURES oH THE LfFT HAVE A FEATURE Id COMMOtJ. W4C, AMO 0dfi O*-Y, OF TMK 
FIGURES OH THE RiqHT HAS THiS FEATURE. WHICH 15 IT?
123*5






















WITH THE AID OF 
INTERACTIVE VIDEO
Brian CollitlS MScPhDOinpFIMinEFRICS.
Principal lecturer in Civil Engineering, Polytechnic of Wales, and
ReX DdVieS Ccrtlfd (University of W;I|L-S).
Lecturer in Construction, Neath College
The application of interactive video to teaching problems within the Polytechnic of 
Wales was first considered in 1983 when a capital commitment was made towards 
suitable learning projects. Owing to particular staff interests at the time, the first topic 
area to be considered was surveying, although it is intended that at least some of the 
many proposals in other subject areas will come to fruition. At the time of writing, one 
software package entitled "The use of the surveyor's level" has been completed, and 
work is proceeding on others, including "The use of the theodolite".
Interactive video (IAV) describes a system which comprises a microcomputer 
linked to a videodisc or video cassette player, these being capable of 
"handshaking", giving control of the video player to the computer, which is 
itself being preprogrammed within the overall software package. With this 
facility, the traditional computer-aided learning program, made up of screen 
text and/or graphics displays, can be very effectively supplemented with movie 
material where and when desired. Thereafter, to use such a program, further 
hardware items would include a quality monitor and a disc drive to facilitate the 
microcomputer control. In order that 1AV software may be produced, the 
set-up would include a video recorder as opposed to a video player, a printer 
and a dual disc drive, together with any other computer peripherals which may 
be specifically required in relation to the particular microcomputer being used.
Selection of hardware
Returning to the Polytechnic project, it was first necessary to investigate the
Figure 1. Bank of five student work-sttiiionx
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Figure 2. 7/ic two authoring stations
available hardware combinations in a rapidly advancing technology. The speed 
of advancement was emphasised by the fact that new models or versions of 
certain items were announced while quotations had been requested or orders 
were being placed for those which were being replaced. Patience at this early 
stage was rewarded through leaving the bulk of the ordering until the last 
moment possible. The initial choice was seen to be between video disc and 
video cassette systems.
Choice between video disc and video cassette systems
Many advantages accrue from the use of the video disc, including picture 
quality and stability, wearing characteristics, speed of forward and rewind 
movements, precisely selected still frame, slow motion, forward and reverse 
playing, and so on.
However, its chief disadvantage lies in the fact that professional quality video 
material is required in its production, and that it cannot be produced 
"in-house". Only a limited number of specialist companies are able to produce 
video discs, with consequent delays and high production cost.
The video cassette, on the other hand, is much slower and less precise in use, 
has poorer wearing characteristics, cannot be played in reverse mode, has 
limited still frame capability and so on. However, its major advantage is seen in 
the facility to produce immediate tape sequences which are available for 
authoring into IAV software packages.
Following careful consideration of these and other factors, it was decided to 
adopt the video cassette system, and it became possible to purchase five student 
stations and two authoring stations as illustrated in figures 1 and 2.
Student stations
Each student work station comprises an Apple HE Microcomputer with video 
display unit and disc drive. linked to a Panasonic industrial video cassette 
player as seen in figure 3.
Authoring stations
Each authoring station is equipped with an Apple HE Microcomputer with
4.13
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Figure 3. Student work-station
VDU and dual disc drive, linked in this instance to a Panasonic video cassette 
recorder, with the additional facility of a printer and a Robo Bit Stik for the 
preparation of computer graphics. The layout is shown in figure 4.
Authoring system
An authoring system comprises the above hardware and software requirements 
to enable an IAV course to be constructed. The software would normally take 
the form of an authoring language. The authoring language is simply a 
computer program which allows the course author to construct the IA V course
Figure 4. Authoring station
410 VOL.3 AUGUST 19R5L&MS
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without having an extensive knowledge of computers or computer program­ 
ming. The IAV course structure and presentation will be dictated by the 
facilities' provided by the authoring language.
The structure imposed by the authoring language IVL, produced by Dalroth 
Computers Ltd, is that of "blocks" and "segments". The segment is the basic 
learning unit and can be one of the following:
(1) Video sequence;
(2) Computer text;
(3) Computer graphics (with or without audio);
(4) Student choice;
(5) Tests.
A block comprises series of learning segments which form a unit of learning, 
as in figure 5. Note the use of a prc-tcst to assess whether a student needs to 
cover material in block 1. Complex branching can occur and this may be 
achieved by course structure, for example, following the results of tests or by 







Figure 5. The learning segment:; forming a unit of learning
Preparation of software
A completed software package entitled "The use of the surveyor's level" is now 
being tested in the class tutorial situation. In its preparation, the following 
principles were considered.
An IAV course is essentially a library of teaching, testing or support 
segments, combined to form blocks. These are scqucnccd into order by the 
student or author. To create this library, it is essential that the course is 
designed logically and any desired branching determined.
Elements of the design of an IAV package may be expressed as:
(1) instructional analysis and design;
(2) production (graphics and video);
(3) course authoring.
These must be coordinated to ensure a logical progression towards the 
project's aims and objectives. It is also important at the first stage that any 
limitations which might follow arc appreciated, and, more importantly, 
planned for.
AUGUST 1985 LAMS VOL3 411
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Figure 6. Simulation of diaphragm on levelling staff
Instructional analysis and design
Under this section were analysed the learning needs of the proposed student, 
how best these could he achieved and, also, how the learning could be tested: 
O Learning needs. The learning needs for the IAV course were to present the 
students with a course which would teach the theory of levelling. Included in 
this would be the practical use of instruments, reading the staff, booking and 
calculating reduced levels. These tasks were to be presented as realistically as 
possible. This involved breaking them down into small steps; 
O Learning and testing of achievement. This included specifying previous 
related knowledge of the student. As the course is aimed at mainly post "A" 
level entry it was felt that little such previous knowledge would exist. Thus no 
initial entry test was included;
O Content and structure. At this stage, the material required to meet the 
learning requirements was considered. Definitions and introductions were 
covered first, and utilised computer graphics with an audio description. 
Reinforcement was included and this normally involved computer text 
summaries. The areas where descriptions of equipment or the use of 
instruments were involved were to be covered using video material. The testing 
of the students' learning was then considered, and a scries of quest ions devised. 
At this stage any constraints of the equipment on a course structure must be 
evaluated, and the final material and structure assessed. Finally, a flowchart 
was prepared and the sequence of learning, together with all necessary 
branching, decided upon.
Production
O Video. This involved extensive planning and script production. One of the 
early ideas was to try to represent the view of a levelling staff through an 
instrument for the student to read. Pointing the camera at the eyepiece of the 
instrument simply would not work as there arc two focal planes produced. The 
solution which gave the most satisfactory result was a photograph of the staff 
with thread cross hairs (figure 6). This enabled numerous readings to be
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Figure 7. Com/niter graphics to illustrate haxic principles
vidcocd from one photograph with scenes showing the temporary adjustments 
of various instruments (dumpy, tilting and quick-set). These were prepared 
with a simultaneous commentary, and were repeated with various staves. As 
the work progressed it was decided to explain the booking process using video 
material.
The complete video (approximately 22 minutes) was actually filmed in 
two-and-a-half days. Extra outside sequences were used to give a more realistic 
feel to the program, and were edited into the studio material. The tape contains 
short (by video standards) scenes which arc in a linear sequence. Any scenes 
which were accessed frequently were repeated on the tape. This reduces the 
search time while the IAV program is being run.
O Graphics. The graphics used were prepared using the Robo Stik graphics 
package for the Apple Computer. This is very simple to use, and quite complex 
graphics can be produced quickly with little computer expertise. An example is 
given in figure 7. Descriptive commentaries were written for inclusion on the 
audio track of the video tape.
O Text. The final material preparations involved the content and layout of the 
computer text pages. These varied from main titles to summaries, instructions, 
as seen in figure 8. reinforcement and remedial sequences. The options 
available range from large coloured lettering on coloured screens to single 
white lettering where greater content was required.
O Additional material. As the course is interactive, it involves student 
participation. This includes the student taking readings, calculating rises and 
falls and reduced levels, and carrying out arithmetic checks. A workbook has
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been devised allowing the student to enter the answers as the eoursc progresses 
with the computer testing the replies. The complete exercise consists of a set of 
results being entered into a level book, together with the necessary calculations 
to deduce the reduced levels of a series of points.
Authoring
This stage used the authoring software, producing the final student program on 
a floppy disc and a video cassette. The first operation was to record a scries of 
electronic pulses on the video tape, (encoding), so that the computer can 
establish the positions of the various filmed sequences. The encoding is a 
simple procedure, achieved by following prompts given by the authoring 
'program. This having been completed, the tape was played and the beginning 
and end of each video segment determined and logged. The various course 
segments, namely text, graphics and tests, were entered following appropriate 
prompts. At the completion of this stage, an 1AV course was available for 
student use. The floppy disc and video tape were then duplicated to provide 
multiple copies for class use.
Conclusions
The introduction of video sequences into computer-aided programs adds an 
entirely new dimension. The effect is to "bring to life" material which would 
otherwise be uninspiring to the learner. The temptation to include video for the 
sake of video must be overcome, but this does not present too great a problem 
for the experienced teacher.
The first IAV course on levelling is now undergoing its initial testing. Early 
results were encouraging, and the new approach has been well received by 
students. In one particular case study, students were first presented with the 
IAV course, working through the material in pairs. This was followed by a 
practical session when students were asked to set up each of three different 
levels, and to determine the difference in level between two points. This was 
achieved by all students in the group without further instruction, regardless of 
the number of remedial branches followed in the learning program (This latter 
information is obtained by the tutor upon analysis of the floppy discs used by 
each pair of students, interacting again through the authoring program).
The Polytechnic project has proved to be very worthwhile, indicating that 
the IAV concept is suitable for technical subjects. Existing video material is 
unlikely to be satisfactory, and investigation, planning and clear definition of 
objectives arc each essential at an early stage. It is to be hoped that many more 
software programs will be produced, not only in surveying, but in several other 
subject areas. The experience gained in program construction and in the 
preparation of video sequences, text pages and graphics will lead to greater 
efficiency and effectiveness in future productions. It may eventually be 
considered opportune to record the collective video material onto laser disc 
and to reappraise the hardware in what is still a rapidly changing market.
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Results of questionnaire at Aberthaw.
(4.21)
QUESTIONAIRE - CBGa Aberthaw Interactive Video/Safety Procedures. 
.!)*»&«!.
t





2) How many times were you
referred to your supervisor?
None
*1I
; Once Twice More
5 i 2.
3) What is your opinion of the
length of the training session?










4) How familiar were you with
the Safety Rules before 
you started?
5) How difficult did you 
find the course?
6) What did you think of the content 
of the course in coverage of the 
Safety Rules procedures?
7) What did you think of the accuracy 
of the course with regards to the 
Safety Rules procedures?
8) What did you think. of the quality 
of the course from the point of 
view of the ease of understanding?
( JMOt at all familiar
1 ivaguely familiar
(0 (Slightly familiar
^7 i Familiar 5 ^\"Z-
$ very familiar




































9) What did you think of the quality 






10) What did you think of the course 





11) To what extent do you think the 
course has increased your 











Too a great extent
12) What do you think of Interactive 
Video as a means of instruction?
13) Have you ever used Computer 
Assisted Learning before?
14) Have you ever used video in 
training before?
15) Would you like more training 
courses using this method?
16) How difficult did you find the 
sets of questions at the end of 
the sections in the course?
(4.23)
17) What did you think of the
frequency of questions inserted 
within the sections of the 
course?
18) Have you any suggestions for 
inprovenents to this course?
19) Have you any suggestions for
imorovenents for the work station?
"
20) Have you any suggestions for 
topics that would benefit from 




Results extracted from Learncom system for the programme at Aberthaw,
(4.25)
Ptrionntl Enginnr 1 erf 2
Test ! Atti Qu i Atti Qu ! Atti Qu
1127! 146/5
211! 11
3 ! 1 i 11
4 I 2 30 i 11
5 i 1 j 11
611 1 1 2 40
711 ! ! 1
8 ! 2 55 I 1 11
911 11 11
10 i 1 i 1 11
till 11 11
12 i 2 84 i 1 i 1
13 i 1 ! 11
14 ! 2 97 i it
15 ! 1 ! 11
16 ! 2 114 I 12 114
17 ! 1 i ! 3 1U
18 ! 1 I 11
19 ! 1 ! 11
20 i 1 ! 2 140 i 1
21 ! 2 148 ! 2 148 ! 1
22 ! 2 149 ! 1 ! 1
23 ! 2 155 ! 1 ! 2 158
24 i 1 11 11
25 i i 1 ! 2 170
26 ! i 1 ! 1
27 i ! 1 ! 1
28 i ! 2 188 i 2 188
29 ! i 1 ! 1
30 ! 11 i 2 205
31 i ! 1 i 1
32 ! 2 217 I 1 ! 1
33 i 1 11 11


































i Qu ! Atti Qu
! 2 5


































Atti Qu i Atti Qu
1 137




2 43 i 2 43





2 84 i 2 84
1 ! 1






1 ! 2 137
1 ! 1
1 I 2 153
1 ! 1
1 i 1
2 170 ! 1
1 ! 2 177
1 ! 1
3 188 i 1





Atti Qu ! Atti Qu
25! 1









2 75 ! 1
2 84 ! 2 84
1 i 1
297 i 1
1 ! 2 105
2 114 i 1
1 i 1
1 1 1
2 133 i 1
33940 i 2 140
2 144 i 2 148














































Tiie ! 4.7 3.5 5.6 4.3 2.9 4.5 3.6 3.9 4.4 3.3 »vg 4.1
(4.26)
































































































AtU' flu I Atti flu
21! 1
1 ! 2 11
1 i 1
1 i 2 27
1 i 1
1 i 1
2 50 ! 2 SO
1 ! 255 





2 97 ! 2 97
1 ! 2 105
2 114 ! 2 114
1 ! 2 121
2 127 ! 1
1 ! 1
1 ! 3 140
1 ! 1




2 177 ! 2 177
2 184 ! 1
2 188 ! 1
1 ! 1




Atti flu i Atti flu
1 125/6
1 1 2 11
2 23 ! 1
2 30 ! 2 30
1 ! 1
1 ! 2 42
1 i 1




1 i 2 82
1 I 289
2 97 ! 1
2 109 1 1









2 170 ! 2 170
1 ! 1
1 I 1












































































i flu i Atti flu ! Avg
1 11 i 1.4
2 15 ! 2 11 i 1.5
11 ! 1.1
i 2 26 i 1.8
i 3 36 ! 1.2
! 2 43 i 1.5
11 ! 1.3
! 2 60 i 1.8 
11 i 1.2
i 1 ! 1.2
! 1 ! 1.1
! 2 84 ! 1.7
11 1 1.3
11 i 1.5
! 2 109 1 1.4
1145 i 2 114 ! 1.9




144 i 1 I 1.7





! 2 187 ! 1.2
! 3 188 ! 1.9
11 i 1
i I i 1.3
! 1 i 1.1
! 216 1 1 i .9
! 2 222 I .9
Tiie ! 3.5 3.5 3.2 3.4 2.9 3.3 3.4 3.9 4 »vg 3.4
(4.27)
Personnel Foreien
Test
1
2
3
4
5
6
T
8
9
10
11
12
13
14
IS
U
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
Tiie
Atti 8u
2 9
2 15
1
4 26
1
2 43
3 50
1
2 63
1
1
2824
4889
2 94
153
2 170
1
1
2 188
1
22025
1
2 216
3 222
4.7
Atti Qu
1
2 11
1
1
1
2 42
7 50
I
2 63
2 70
1
1
4 88
2 97
1
2 114
2 118
1
1
2 140
2 142
|
1
1
2 172
1
2 187
1
1
I
1
2 216
2 222
4.6
Atti Qu
3 4/8
1
2 24
2 26
1
1
1
2 55
1
2 74
1
2 82
i
I
1
I
1
1
1
1
1
2 153
1
1
1
1
2 183
1
1
1
1
1
1
3.1
Atti au
2 1
2 U
2 19
2 26
1
1
2 50
1
I
1
1
1
4 887
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
31956
I
42056
4.2
Atti fiu
1
2 15
4
2 26
1
2 43
1
1
<
1
i
1
1
t
1
1
1
1
1
2 140
1
3 153
1
1
2 170
1
1
2 188
I
1
1
1
2 222
3.3
Atti au
1
1
1
1
1
5 40
2 50
2 97
1
2 114
1
1
1
3 140
1
1
1
1
2 170
4 179
21812
1
1
1
1
2 216
2 222
3.9
Atti 9u
2 5
2 11
1
1
1
3 40
2 50
1
3 63
1
2 76
t
2 89
2 97
2 103
1
1
1
2
1
2
1
2
1
2
2
2
2
2
1
1
3.2
Atti au
2 4/6
211
2 24
230
1
i
1
255
1
1
4
283
289
297
2 105
2 114
1
2 126
3 131
3 140
1
2 153
1
1
2 170
1
1
2 188
31956
2 202
1
2216
2222
3.8
Atti au
4 4/5
3 115
i
1
1
I
252
1
2 67
1
1
2 84
1
1
1
2 112
1
1
1
2 139
2 148
2 153
1
2 165
1
1
1
2 188
1
2 205
1
0
0
3.6
Atti flu
3 4
1
1
2 26
4
3 40
1
1
2 63
1
1
284
1
1
1
2 114
2 117
1
2 133
1
1
1
1
1
2 170
2 179
1
1
1
1
1
1
2 222
5.5 av
Avg
2.1
1.8
1.3
1.8
t
2.1
2.2
1.2
1.6
1.2
1.1
1.5
2.1
1.5
1.2
1.5
1.2
1.1
1.4
1.7
1.3
1.6
1.1
1.1
1.7
1.5
1.4
1.5
1.5
1.3
1.3
1.1
1.4
) 4.0
(4.28)
